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^ r . ^si jAiA jjjSii i jj u*ii jjUi 

^ A • CjUjS j Jill 3j«nhll (>al jajl 

Y » 1 Cjliij jjJI JJoJ J> 

Y Y £ ^jjJI 

Y £ o Clip jjJI ^ Ol jliiil 

YW ^lAmi]! ^ 

YYV V*^ 1 o^ 1 -^ 1 

Y A ^ AaiUl o^bU *JjU£Jl j jiJ 

r . a cji^ji^jiii 

TYY Oj^Ij^jO 51 AM 

VYo j^jA^llj Oj^jll (_>a!5Laau)l 

YTY C>iaU=wVl J^aS 



1 



HA JuiftVl J oUx»lii]l jjtfil 5-1*11 ia>B 

£ . A A*Jl -iic l^lftlj* cj=J jll till jUcVI 

hjUl) AjtXlj OULuaJ! 

£AV l& CJ ^\ Aj jUI Jl jj 

£^V ^ji&Vl J-alji (^9 ^a>*aJ jjjIj 

o • r JjUillj SjjU^II ilj^Lib <^UJ dj^bj^l j l^ULoJI 

0 • A ^UbjAaJl (J j 

0 ) } -LuayasJ ^ij AjajLuu jjjiakjjAiVl CLjUjjI jfcjSjj t^jUua, 



V 



o \ V CjUj jj^U *-»L«Jl £>al >JI 

DO , ^Lul^l CjljU a\\ 



(Jokj Jjl-laJ 2L^UJ| <*L&I (>*J -i 



A 



4 <iffl<i 



JJ^C FAO / WHO )4£-v^ltfW^Vt^yUU W»&Jc>j^tj 
Su jiM^s j ^li^S^ 3 J-*-j3 CODEX jiM^jI*o SLJi-y oUidl 

Chemical analysis of Food stuffs^ ji^Mj^^^L^^lo^l • 

Physical analysis of Food stuffs ** "xM J^^iL^^IJ^lall • 

Sensory analysis of Food stuffs ^ jJ>M J^^iL^lj^l • 

Biological analyses of Food staffs ^ji-Mj^^^^JlJ^Jall • 

Microbiological analyses of '^^^J^'^^j^^^^^ • 

Food stuffs 

J^jMajor chemical constituents U^lotj^lJ^^^^L^LipVt 



, Minor chemical constituents j^liu^aljl^i*,,^!^ »|^\ j 

Text books and Reference books i^l^-^JLl • 
Scientific Journals • 
Patents ^U-^iVtal*^ • 



International net works ^LjUJJ^^I^v^l • 

Scientific encylopecliai^liiUyyil • 

Interna tionl banks ol£X\£jt • 

L^jlntemationl standards organization ^j^U^I • 

ISO 14000 , ISO 9000 

Gas chromatography ^[^jiLj^^^Wyf^lj^l • 

Infra red analyses l^ti^l^Mi^l >l • 

Ultraviolet analysesvr^l^^^v^^*^^ 1 " 
Electrophorases^^iJ(^l^i t ^ls^l>.lj^l • 

Electronic microscopy Jjj^s^^s^j^^salS ^ \ 
jjJJJJ/ 



Quality Analysis of Foods 



Quality a j?JI ^ ,jlki ^1 ^k\lA j> ji&l ^Llj* 
Kramer & Twigg vjje t^ji&Vl ^31 iiil ^u^all JL>« ^ 

^LvuajlLj JjjSJI JJ^J LljA*-« ij— J—JjJ j S-l£j a!1 ill 

guA aH}** Lpli u jaJI ^ f l& Crosby ijj_e l — tt %i ,hi>H 

^jJajl La£ (dll^JLuuJI jl (JjAxil dlbcj tJ^J ^ llAjUalall j djli ual j-«i3 

Ja^I ^auffi ^311 o^Vl ^ SjjaJ J ^ * Bounds, et al., 

L^jlc (jjlLa p ^ <ii_aal^ jl £jj jla jrLua.1 pUfimV lillij 4-La.^a.ll (JjU Laxll 

jail j» jgio £-a ^jALLait fljlA (JjLWjjj ^Sjj — o]l ^I^J — uVI 6J— JIj la 

dAjCj (jx % Ut o 4ji1ui <&J La La ^ fcj (jj ui]| « 4jj Ua-a]| 

3 « Ajjj «ULu jjS-aJ La jl^La <_yA j "Ixluill -j a i oJ aJS ja, j 

jjjLWi]| S.ija. L-ajl lilliA j .-Laic ^Ljaj (j-a La AjlLoi (j a 

.U.lpaj (JJjji j CLilii-aljAl AaJilftll i«iuill (JjUaJ (jJU Lg M 

diliuallj (_>-al jaJl jjx <C ^gij jaJI (j jai til Si <j 1c. j 

^u&U ^ulLi 4& ^Jjliiil illlaalaJI J _j aJl Olisj-ju ■■■"j 

S j^Vl cAJjla (jC JLa-LLall (JiiljUaJI jj^ Tj^o (JaAj dli_iAJ J — ua jll 
^Ul jrlliyi ^Laft ^ fjjJi) oJiAA\ J .^LJi c^j , uiaJl ^Ij-^JIj 
OflSLuaaJl ^LulJI jJjSj ^un,«\S Ajuuailbj AluS j £^1 jA ^J— jliiJI 



aj^j t<U& .^liill iuXJI ^ jj A}A>2 liSj SJ jaJL L5 ^ou 

^!5Uj SJj^ ^Jc. UUJ ji bL J># ^1 ijjJaJl j ^JjUjSJI iI^ULJ 

t> Food safety <jjiiUI 4-»3LJ j oUVl i-j t>j 

^jiliill **5Ui J^Ull fJ |iJ o!i Jcj plA6 <jV CliU Ikujl ^1 
^jjjjSj-o jl ^JjLujS CjIjjLo ^1 t>« Jlk olio jj tj.-r. & jlj , r- 
J£ (J-u5y SJj=J JJojj j*I iluAaJl ^j^iojl yji til j lillfrwll ^La. juaj 
J-ljJI t >^i J ( U_ik Jj^ij SjjaJl «JA ^ ^VTi ^_Ji]| <_Ul j_*]| 

( Hazard Analysis Critical Control HACCP —SI fUu jj iks 

^jaJ <&\ jj| Jalai Aio 4*_pUI CJSbkSlI j CLjI jUi^l <_W>j .Poillt ) 

Je 511^! ObLc j pli oL*^ j «jr^yi *]=Ja1I ^UkJI jIjJIj 
^ Jjj^JI cj^ |j]j ^jli jll 4JUaJI SbVl iuicVl Jj Lxa 

uj <Aj=* -^jAj bk-« i^j i_i lu« j jj-Jajj Ujj__1c wv «j 
c5^j E tiiyi JUU J ^uL, jjc CjI jJl> U> g3ii tt^l jj& dL-LaS 
I iSj jU-aaVI ^ j U*ll a^II ^ jLLU Wpc ^Si, ^aSc ^bTi 
6^! Ta5I j UaLi: jjiu V V&Vl lIj^ J-l^ ^ SJj-?JI ^l_a 

.sjjsJi ^ ^iiii s ja>u V-^Vi cj jjVi aJ Ajilj Aic jjUsii 

AjsjjUI jiJI ^ jjuS dCtiil a> jj Ola l_» JJ)M L_u>Sj 

U a! UJ j^S ts JLm ^ 4*U! ^ UiiL^ll oli jSiJb jja>j 
M^w Lu uj«j ul^VI jA5j £ bj)|l UyJlSi <>c JioJI ^ ,«V,„,1I 



\ 1 



SoUL JaSa Qni-i.j ^j^saII lo* J la OLj Quality control so j— aJI 
US J oSi lilj c^Uill g&J ^Jlj&ll 

- ilAiiSUll - JUxll - ^LiJI o! So ja. ^Lalj — a (j-JI jj Ajl SOj—aJl 

fie ASQC u>a SO j^l OjSjjj SOjaJ Jafub uiij_«J f_J 0_J j 

- u «jhrill ujjS jili ^ ^ j Quality system sojsJ fUu - 

.SO jaJl Sjol jjJoj! Ojl jAj CAA^W j JjUl - CjLJ jluuJl 

(J^iia yjll j so jaJI J Quality control so j=JI k> >^ - 

.SO j»J| CjIiIWu ^UiiiwV 3S0aou>J *k£iVl - JjiJSlI CjLjsj 

UbiJI JS (jiu t5— a j Quality assurance so j_=JI o±_Sj5 - 

.SO jaJI CjblkLaJ ^jij LaJ <40aJ jl 
2_Ja jj j»L<uAVI Ol j AjjIOill CjUViJI SO j aJI Uj , ■ Vi J' r * (jr A J 

■^jj^lj producer gjiall an J consumer > nn \\ j producer 
ji Standard specification mUll i^U j . importer 

liliau c^uUl jl jlull ^ jjl jb <jl ^Oll ^ joVl 0_jJ| UjU_4cl 

4h ^LJSjVI jlj* ^ &k£^\ j JJo-Jill j Jjj ufiD 5U_a c< i , „j 
..iEi^VI j ijj>^ UjUijI soLjj So jxll 

JL. AjaiSl ol Oa, jji n klia « ^0* lo ililj JjSji J US 

Oliuljjill Ju <L1^ ^uoij CjLjOiJl u^u Oa.jj jl gUBj jLjJIj ^L-JI 



dili £Aj\# a*** gjkjj ^UjJ! ^ual di^l |j| 

s^jsJI Ja^ mf ^1* Garfield uijt tfj 5jj _^ 
gto Jc J_^JI u^j t^ilij ju»ju!ju kU^ p uas <jiiVl JJ^ 

g-bji ^l>" ^ ^ flo FAO - J jjjiii Ctou^ j ^_sij 

.AijSjj Sa«j« (Jjkill ObLuj SpUSj Jaxj l^ji j (JxutJ 

.JokaL jOAjlaU (-JjJJaJl <-yjJii]| Ai^aj -1 
• lUJI ^Jj ^Slii-aJl SjUj -V 

Jjiaj <_J*U-» SJjaJI AiSjJ gwlijJ -LLax* O^Lj^ojjj i^lLiA J 

.(JaxJj (^jUUJI oali-iVl S*U£ -\ 



.l4-«3liuil j CjUjxll lii -\ 
1 Jjkjll (Jjliic JUAaJ -V 

.l^js-USj aaLculxJI Sj^Vl -a 

. jaLoiaSI £-!!>lwa)/lj «LjLu*sJI ^caUjJ ~<\ 
. jfl"unoll S jj\*a!I ^aU^j — S jjIxaII o j^jaJ— ^ » 
• l^jlijj l^liSj 4^Ua£JI J*l J^\j Ltfla-1H 1 ^ 

JajljjJaJl — AAljlail (jAwjjIIj ^yjuiLuiVl ^-J^l ~ ^AIJ Jail jL— Hi 

•U^V 1 J ~ £il jjtfiM JjSj - ^jjliiBj 

I^iys JjIajII JIacJ (jiijpr ^ V 

jjjis - s j^Vi ^ - Jjksli jjja - iiibjJi j_jj32 

•Quantitative quality ajaS iij*. -\ 
•Invisible quality s JUj-l* sjj*. -y 
•Sensory quality ja. -r 

Jllj-o J_ja.j jl ^Jjlixll ^aj3]| j m l ir . S jjIuiaSI j_ aJI ilili ua j 

SjUll S^j ^ gjUll £ji<JI SjaS jjj^Sj ^laJl SjUII jja Ig^f- — "A\ 
a^m ( %uha1 I j £11*11 t> JS JJ I^IuaI jl 2u ^1uia! I ^L_iJl 



Ajfcjj jLna.1 ^ JW^uiaW jLijj j^i SJjail <JjuiiJI ilii-al! — 9J j 

: jj^ajJ (jjoliu Cjliua3l a^Aj dl^iSI 

jjIjj ajj^J (jillj (^jL^aaijiSl jjJ&IL; A jucn II (j^al jiJI f tj -jtTi j ijlljj 

dll jjj — A^latll Ajj^JI "ULaJI — Aja.jljAui — <Lial£ — Ajip (Jval j C 

La <Uuia.1I Cjliuail (JajuUj 
l^-la — ^1 jiill — (JSjjJI — ^»7>-sll — tj_jlil '"'J** \JA J^-lajJI Cjliua - ^ 

.IjjjiLa JjJaj (Ji*l jC. jjtjJajJ p j Jj^xllj 
S jxa-all llll.fti.fiil (jJasU <Lalc <Lii-aJ Aji&SlI LtSfc._jljjSj pl—^Jc & 

Food safety tlttl ouVl Ujj - S 
<j\ ,y» f\^l\ jLk ^ iUV^ll ^liiJI (jlc- (iliy j— a j 



.l^bi J>j LjcVl J S*j»l <R|P =( 1 ) Jj^ 



SL.Ulu.VI lUAjj ill 

l>aj*ll 



(jjlll (JJoLjS S jfraJ 4(jjill i^jjjS Oj^ 1 



jLiuVI t^U jjlll jail (j«Lja Sj4>i 



plj all) d uiLajJl -V 

yljallj LjjSjiJI tSjIjkll (j^ba Sj^J t£ ji-JI il_uS 

JL^iill J*lje :13U 

— j*j3SljSjll — l^jjAjVI 
JjUaall tSjj UI Jl _5 *ll tj^ttJI 



Food purity Sjtttt -Y 

& UI pjB «> Jjj U, 4 jjiilj UL JL-, 

Sensory properties 'LuoJi ciLL-ali -r 
Food convenience >%luutt *iiij| -i 

4*U1 t> -CiUkU Jo ^uJl Jj-^ ^6 

^ULJI C^li^t (> e i_Aj t.Jty-, ,„J ^^J a : j 1L,| | J . ^-.^ 

Expiry date pIjjLU ^CLuall SjjS -e 

yjjill j Jjl Jill SJjfl J!JU. ^jiiill Al^j -U O^Vl Uj-ij SJ^I 

Functional properties *j5jM oail^l -1 

JaJjj o-iL^lfll - <-J>Jull - <j|jyi ^ j (JiiaJlj, ^.-..^1 



.AjSliill SiUll J cjjSJJI Jfi j^hll - ^1 jail c> ^1^1 

Nutritional value 3_«jaJ| -v 

— CjUjjjjjII (JaijU (jA j ttllli jS-all oi& Je jjj — »3ll j J» — StaJl jj — Lj 
.AuiixJI ^OLaVl - OlWlaJl - lJUIVI - ^Lj_A"Jl - UJ*^ 1 

Jtfl ufij . <UYi i g^i AJjuAjSJI yjk\ £juajJ j»LaJ & VI ^ — slj 

j^jSJl 2 jai l (Jjlii^alj-oJl ^» " (JlLa "LlajSja. i." ll'nfr 4jajail_aJ ^Lj 

V-bSJI cjli^ljJI Codex q&zj&\ j ANSI / ASQC J*_yH\ 

( ISO ) ^LiaSI Oli—^-fll j-att A-Jij <JI j j — jVI j 

sjja tjLo-jja ^l — kj j_a j International standards organization 

5ia\Jill jaJI Sjl.il lLiUjloI j-a (JJjJaj (ja Ajjliill ^LuJI j tllUjj — LaJl 

AAjjkJU ftjLajJ j»J (J^ JJ*J fUaJ jAj tS-ijaJl -IjiSjJ Cjliual jxj 

^jiall ^Jl| _jj ISO 9000 J=JI illliual j-a 4.toJ ^3 jS j t^funll 

ftiA jl^aj ^Jj ^ • (ja s-ljf^ «^-« <_5 — &J 'S>ij — ?Jl >ij — SjUl 

BS ^liUaJjJl ttAlsu. U J^J fij ^ UV f Ua CjU ualjjl 

^ <BS 5750 / ISO 9000 fc-l j-H ^inlbj 5750 

Jl L^U jV BS / EN / ISO 9000 J\ *i~J jJ ^.1 Oj^i fSmi 
Jj^JI jjiuj t [EN] l« ^jjVl ^ull JUL^j [BS] ^U^jJI 1*1-1 

CjUj^I ^-Liijl jJjkil I jja-o <J jJl Clival _»Jl ^ ^LUauttil ajl^jfi ( _ s _lc 
tfjliSj <L»U3I jaJl CiilkLo JLoSlu.1 j t^JAiaJl j AA_*.l£tyl Cil-i* j U j 



1\ 



CjI JjU-aVl *Ujfill SJjaJl Sjbjj <akU OliualjJI 

•ISO 9001 , ISO 9002 , ISO 9003 , ISO 9004 

ISO 9001 - i 

Production ^H-syij Development j-jjkillj Design 
J-oiJIj Installation t-iiS^-Sllj Inspection & Testing jL-j^VIj 

•Serving 

ISO 9002 

t,'& tjjJaJJ j Jbu L» Suili. j JJjJ=ull j ^..U.n-ill l.i_c 1 » ISO9001 

jUiVI toaaiS cjrl^yi ^ J*u ^1 2U=wtSjyi Ol^jll ^Jc Si U jA 

ISO 9003 -g 
ISO 9004 - j 

Guidelines CjbLijyi j ^lA^ _>uabc. (j^i>>Ti <iual>JI »i& j 

.Sj jaJ| ^Uij jjusjUc. ijUj S^jaJl Sjby XajM 
t jjjVI UoL ^Ull y -s Jill 3j *U1I Juki-Jl CJ jj-Ja A_U j 

^bill Cjli^ljJU l^UJIj ISO 14000 jjjVi dli-l CjI JMj 
(EMS) Environmental Management system VAj^ 1 



YY 



cLiUkU u-^W, j JSO 14001 jjjVl 

^cij ji.oJl jja jjj /mull Jja. ^gi A_JaaJ £ Ja j : \> »v»ti -r 

Jjli* <J j^lull »toVl o-Lj— a jfil lj u-Lj— ail -1 

Lgill gjiall J Si-db AjualaJ i_SJjU«j1I — ACjjjlUI A&ual jaJI JUjs 
- S jjLtll A_^l*]| CjUal - Aj-^UJl Ai—^aljxJl A_SjU_Ju 
CAL^Ji ja j OUal Jlil - ojjLJI A^aliJI OlL-aljJIj CjUal JLJN\ 
tl AaJL^J l - jLiLkVI j oaai]! <j.> - AjjlkJ L^ULullj A^laII 
tPlI Aj*1*JI £aJ jj - tejJajJl Ai-al^oil l^jU_Jij ^.jtf 2u_iall 
CiS JLSI ^1 (lA$aJ - SjjLJI AAual l^jlc liASJj c l 

.A^JLt^l 



Y<0 



ji AaJtjll j ^jjlll 2L»pc. Ailii CLiljjlL 4liA ^jJc gtSiaJl ^jjij -Y/V 

_^lzjJI jLiskV "^jj^J ^ tyl*"»j 

.a jsiB jUiV giui ^ -n /r 



Yl 



Y CjIcLo £ijJj,^o AajJ ^ ( ^ .fill Jujy V -Y/£ 

.% 

.% « ,Y ^ a*S V tiuau JSB jjISII jUiil J\j^ -l/£ 

ja. j^C. JbiUj <jjli]| Abulia Cjl jJC ^ gcilajl Uu ~ \ fo 

^ o £ <\ Aj^^l ^u-Ljall cjli^l ^ Jjj L, Sl£.l ~Y 
djliL 1^ jj^j <uj*il Aillb Sj^Jl ^ Aa^VI 

•^j u] t^jMi j ^.vi -y/y/o 

•tS-sySil jijB jl ALiaiiSl -r/Y/o 

k*. t> SjLc j S jllill -o/Y jo 

.^X^ll ^jjljj jrljiVI -^/Y/o 

.Jj|j2ll j <Jj>S]| ia jj& -V/Y/o 



:cj|jiiJl JUS5J -Y/1 

Jjajj l&|JJJj!SlII (j^an-i (j-a JjIa* ; ->>r\, £«r» djl jSill Jjla^ jr.)* ^Uft 
(j_yJ glu JajiaJl (jjj jjAjJlaJI CLstjJjjS JjLsu« uiLjaJj JjUall 

.(jj jVt oil Qli (Jjuaslill gr kull .ijc. ^jjj 

^jAn-^II (JjiIajJI J jiw j '^.;"',.'J.'^^ (__>iba2k. £x till jiiSI )•> i u") .1) C- 

• <jjj pi j-oa. SjiJ (jjllaJJ 

liAj ^J^^jJl 1 " ^ '> Jjlsk-o jj 1 Jjj — J V clilj , "ull 

.CjjjjjjII (jC lA ji-aj 

I^tJJj jil A*, jUii.1 ~" V/l 
— j n-i a ilUlnjjS J« ^ * AJlwJI (j« ^ , ..■v \ ujb — j 

.eLaHj <Ja T<5 i, wAj 3 -5 jjj o^k,l j 4iu§>J SAal eJaJJ 
^ SjjSiall A-olaJl 4jjj]ai] ISjL J_»la~»]l — At j ,f\\\ 

IqA^J jLui.1 -1/1 
A=t <ajjU liuL fLa (Ja ^ » ^gi fA. \ ^jjajl Jj — L^o jL—lkl ^j_j 

^ ' LS^ 1 IS i^J ^jjl4*il Jjla-a flAiluiL ( AAJjJail ) ^iuoll j^l*Ajl 

oJjl jJI AjujUI laJa Ajjiill (JjUaII ^aJ J j, „,l%oll II- A j ..u,%„} 
j-=oi t3>^ c>°^' f^J ^J"^.)'^l Cjliu-al 



:jsa jjKI jjja -n/n 

.t-Ltl\ ^I.VViinlj ij« ^ • • JJ fiaoJl '-; 

(j>t<i> qa (J«a V |»J ^ • i ^ ^ i^isll till jiij Jjla-a (Ja ^ I a\ Jaj 

^ JJJ (jJjSjjjaliJ [> J- V tL*Lj31ijJI 

Ci\Jn qa Sjlijll Ajj^Uiill tfLlpaJI CjIjjjjS Jjk» t-_sLjaj 

• , \ f jjijj^Vl iiiliUjuijjj JjL-o ^hVinilj ^jjaall 

Jft • , ^ AjJaall till qa A^l^LuLftll Aj^SJI Ajjj jji i_l V 

jjJ ^b jjlAil ( J£aLj — ^ ) — j » AlJ Jijlilui i-iSj-aj lIuj Till 
<] (j^aL-aiaVI i>Aii ti-i Jj UJ^ ^ — S ^JJ^ Jj4i— A csb 

. Jka jib 0 £ • J_jL ^ic. 

uiaii - ( ^ / qjj %^ . Y,V jliiil Jj Uo ) ii 

^ 5^ujl *ul oiLj - %n lsLjjKjj^ j*m 

AjjjlSjjAjA t^h- i>J ^b o^l - ( dpiU- 1 ) - j JAi -Y 

. J- ^ • JJ *U5l J Jjhll li* qa ^ . ,Y Ljli-j 

.(jjill *£b ^Uj J ^Xll J ^ 



YV 



JjLuJI) p jj-ijj-all i^JjJlij Cy* • y° m'A} ^u^L^S/I (J j— la-all 

• jsy^ / f 1 j^jj^ ° * i^j^ Jj^- 4 l?w 

J* ^ * • • ^Jauijll JjK all jj-a J* ^ • l-iakj :<J<«JI J_ala-a 

t Y ( ja.ua JILaj ) ^gjuiLall Cju jjjjSI (J jla-a <ja i^a 0 < c Y « t \ ♦ 

.J* A « 

.AjJa \ O SXa] liljjj lAia. £ >Uj ^LaiLj ^LaXJI 
0 £ t ^^a-J-a JjJa jjlc dLall (Jj^ Jjla-all t_><sl ualal (JjjI — Al ~ 

oX* I I 

.^a. » , * * ) (_ ijSty lillij ^i)*^ (j-a ^a. ^ ^1 ja. ^J^j (JJjJ — 



Cii jjjll <U-a£ ^5 . (J-» ^ » Ajli Jii« jjLj o i • (ja.j* 

J 



Sjtfill -A/1 
. jLkj ^Lo^ ^jlc i i\ 4-> 

.^Uj f-Uaij J jj* jjjj jjlj p Lt J* Y O fj.iilu.lj ^nafl Jail ~ 



J* ^ £ ' , 1 ^aili till Jij Jjk-o (j* J* O » L-iljaj 
-oAuij £ JJj (jjjJJjjjjj V niLjlij 

■r' lj lk> A,o 



Clkusi\ jJij CiLLI JLiVU AjioiLja]! Ai— ual j^ll t>i_A <j-al_ij 



.(jSAsVl Jja^ll ^ Ajjxa^Jj p.LJi ^ ULu ^alall L_ljii -£/ V 
.^jjj jjuall jljoiV ^JJ^^jJ gtHlttll ( _ 5 ^a*J 

• lluju]! jLii^V AjJ^jj 4>j» grl'l«]l ^ In* J — l/V 
. jljOx-aXl (JiU jl (jkuJ ^jj! li gliall yjll -Y/V 



n 



4ju<al_p> j^lc JiaLaU (jli-il Aa^s*, 4+J±a dlljJC. gtiioil Uu - \ jo 
1 0 £ «\ ^j^^uaJl 'klAM Cjliual ^ Jjj U Slfil Jx. ^ -Y/o 

JJ jj^j ^ujJI Aillb ij»<}\ 

:1ijjxJI 21*111 

Ol hfc^ Al^j -Uljtej fc-Jn-JI jl g 'i 1 4 <^__J -1/Y/o 

j qI tfUSlI j (jra kJI ^Vl -Y/Y/o 
•cS^jSII ^ jll jl -Y/Y/o 
.SjjxII cjLjjS^ ^UJI jjjjll -£/Y/o 
.3uj|jiiJl 2^ ^ tjjc j j jUill AajJ -o/Y/o 

. Jjijalij ^ -v/Y/o 

LiUll J^A JUU. ^ ^4 ^ SjU -A/Y/o 



. Jji^VI jx** (Jjl j^kj Ualii ^ 



.jjjjla^l ^ J^aUJl ^tiajjJl ^jc. ^ ^j] gejij 
^ 4iLjLi ILL J* \> ^ \ iijji J ^ J^J ^ - 

tija=u ajjiLJ] ^i^u ( ) ^ziii 



rr 



^ SJljl _yJI <AJjiall Mj'fill j^U-all .iaj Jjk-J lift J. 
jljlLl j {J-aaj t3_>iaJ <J-aUJ ^ Sj lb 4j uiLall Cjli i-aljxJI 



jj^Sj -1/1 

(jji^j iyia. <J_jla-al) lifc q-o (J* ^ * 4xoLo <JSj J — 

Oeu 3 i al oil i_i_)Ja JaSa. i , i>j ) iiLjj__>iS (jJ-ia-s <J* ° tp.L« 

. ( LoUli (JjUuII ^tixui 

(j j*>o*v (Jjla-« l>« (J- 4 ^° u.iU Jn j — 
Jjk* Jjlia jjlsu (jj) 'A . — S!_j^ <J _JJ , kt JaJ (ji— 



:(_jLuoJ| <5jjJa — 

J - Yo 

r,£0, X - fji*yual\ ilu Jul AjjSaII ^Juull 

W 





4uill tliKlhi^all -V 


Sodium Nitrite 




Chemical formula 


^L^uSlI >jll 


Chemical name 




Formula weight 




Colour fixative 




Hygroscopic 




Deliquescent 


4jLLftLa <Cjl ma 


Opaque 




Silica gel 





XjpiS Jbu J HACCP -11 fltt 



*jjju]I jl jxj *jjliiJl OU'Ul Aly^JI Aj^jljiSjl) HI | ,N < 

Aji&Vl tjJtjuuaAl 4jb-ilLl ljUS/I jiali-a ^jj ^ L j 

liA o-oj ( jUi-aJl ftiA ^jJc uaLuII ^jioVl £Ji^ CLDLaU-o >iU.V, ^ 

Hazard Analysis Critical Control (HACCP) -J ^LJis j a u. 

■ilj-aSl ^UC (J< i'W . q\ I eliaiVlj jJaLLall £j oj PointS 

^Uiaa OS^J fUiiJl liA S^c-Luiaj JUlbj il^Jc. j*.; ".y.H jjaj-Jj ^__5li»l| 

ylll Jj^JI ^ jj JlflwJI lift ^ AawllJI JSL, jll j JjUl jU_jil 
pUaiJl lift (jla tjjUalal! li* j t^l '&}\ [>>ajil ji cJjj_SJ| as 

^Ltull lift Quiu tjl (^! tA_«!Uj ft^jaJb jj-oio olic. jr 1J l fl ; 

'-JjSj ?_>i=aJI jA«xa jJ f^itAJ tUuSj Qjl LJ jij ^Jo Jujju 

(jjj Jsujll cjilij jS quality assurance toj^JI j quality control 
JL?u» ^ ^jailSiSl cSj^ n-iSjJI tji**^ Zj&LA (jjlall *>i_Jb 

.^u— II <jiiS/l ^ Safety jUSM jSjs ,J tgii^lj 

(> U^ic 1101 ^ ^ HACCP —SI pjb ^Jilj 
(jjll Aji&Vl jjjiaoS g-oljjj Ajiliiil ,J Pillsbury 

National *li_*Sl <jl3j_J ^jSil j_^i>]| a_iol Lol-c HACCP 
^£_>« cj_^15 ^ *\ vr ^l_c ^^.ij iConfcrence of Food Protection 



n 



MAe f Vc njijiil lj* i^fl sjjj^UI cjVL^-« fj^Sj—j Pillsbury 
fUai ^I^J National Academy of Science (NAS) liiajSI 

^j5l iiil i jj Aja.jJ j^jjM v^Uu-al jJ ^o-uj (j-a HACCP SI 

National ^ j flkill li* dixJ <w ja ajja jjSj 44 — jic.SM 3j13j_J 
Committee on Microbiological Criteria for Food Advisory 
JS1 lLq j> j cjUOJ^VI ^ jj (Jtt oj-m^ (NACMCF) 

c£L*ull JUd ^) HACCP system -II r Uu M <n 

^UoJI jLUJIj JSLLall ^ J» HACCP —SI f Uii Uij-^j 

^jSc liSSi ^a«Jj » Ajtlugjall Aji&Sfl JT^Jj ■il-iejj J aj c \ ^ \ 

(J-q l^^j eliiSl jrljil ^ic jg S^ ^^jSI jlalixSl Jj,„, St'ij <— ajj «J 

.£tS] jj^ajllj (JjlJoll j ^L^aaJlj 4el jjSl 
.jJaaJl jjL-oaS 4i.jaJI *£aall ialii jj^Sj -Y 
.^AjaJl j ftjK^SI JalSi lJjSsjS <Uui1AaSI ^iaiSI £>-aj -V 

^UjV u 1 ^ 1 j* HACCP —SI fUii jla 2L^lc Sj-J^j 
Quality Assurance (GA) Iaaj&j Sj jaJI e^i? lW i> 

l> SjUc jlala-»l! JjlaJ Q\k CodeX (jAijSSl jSii 4— fj-^J 

•Risk assessment jLUk-Jl ^ - \ 
•Risk mangement jUi-JUjbJ -y 
•Risk Communication jLU^SI cjVL-^I -r 



rv 



geiul! OUlb a ^-vj jLU^ll f j jffi J 1111 ^L-o Rodricks 

j <U5liiJl tllliL^uJl l!:.I,;tv (jjliill grTull JjiaJ llo — iJalo (j — 5l,Ax]l 

jjU- e l FAO / WHO - J »t jiiil ^ j i^jljtfl 

Sjijsu QfijJi <jjUj^Ju1I jj-ju-b Jul jIaqj gjjyi II CiL_u.jUJI 

_JI f Ua (jjfkii <UuiUjiVi te^M nil ^ Sperber j 

:<J L Ui o«J3j ^311 j HACCP 

j Conducta hazard analysis j ViUJ Jj_kj Sjbl - \ 

iill £j| jj> Igj LvJa £-iiuao]l iIjIj — kij A — ajla — cb 

.(CCPS) *^J=J f&v5]l Jalil Ouci jj Oj>j -Y 

<^j| jpssli ^ (CL) Critical Limits **jaJI Jj^Jl -r 

-<^-«» ^j*Jl Jaliill -i 
jIjjcVI (j3 lA^il ( T J2U (jjll j AJAU^eull (JLllel ja^l £ — waj ~° 

•HACCP —51 fJai l3^j V*^ 1 lBj^ 1 t^j -i 
^Lkj J t> jStill j Verification c^M UilU c3>JI f^j -v 
.JLjL Aij>4 Aiu^j ^ J ^ jljb^l HACCP - J 



C*iJ tHACCP plant _j U ^ j r Uull <j#kj l$j LjUll 
JasJI ji ^jjliauJI i jaS/l (jjSj (ji t-iaj -ui ^ 1 *\ o ^.Ic Early 

: Us jaLou ^1 SjaJlj i jjall HACCP Team 



.ij^aJl (jc- ( — at jajl lilljA La^ic ■ -"-ty CiLiLic. jL 

.JLjjlkJ 

■HACCP -J j.Uij oukij 'a&iA ij^l J^t -i 

•HACCP -JI <J*k c Uj ^ ^ -v 
Ajuui ^uiS tjAij j - ^ttiVI ^juiS (_>juj j :<> Ja*JI ^ja <Jj£j& ^j—jj 

2^*J J^J C AiliJa* i j-4j S JOuiJ 4.»jQ.Jt JiiaJl CAjLoC — 

^L^ll Sjia - Qj>iSI j JjlUll - u jLuilj ^Ljlac - £]] 
i-l-jjjj :U__I| ^| jail ( ^ - j« - jJ- - JL_iLl ) 



<> SjJLi JS1 udlij gljj^l CjLLc. cJu^a _jj J«J| Jjja | ^ 

yerify flov i^^iill ^ jll ^OL-a jUil t^tLjyi Jj_J L_* 
jUil JalSj J/uSuj f jl b] p — uj jli Jjx-ju y auj diagram 

HACCP —SI 5ii *«J j« - (jiaiill Jll 
- SjkuJ (jLul jJij A^XA - f. \ laiV l 

4jl=J J-o — <=kjaJl JjAaJl AjlsJija ~ IgJjkj j AjjIjjJkSl iljlisaJl 

• HACCP -Jl U»i Ouu JJ| ^ib^ullj OiL^I 

<SJjJaJj bjjvl ^1) J > ...'7i,i jl j ji I (ji ojL_juiVI auj 

:3Jtill Jaliill J**Si Jjja jjjsj <_siiaj J M^j 
■ HACCP plan J-JI ^Li o*J - \ 

.*AJ=Ji Jalii AjaljAJ 3_^aUJl iTxJLsjjJI £jJaj ~Y 

.ilaaJl jjlc cll/U ^1 iIlAjJIsjII j djliuJl Jjki g5ljJ -o 
,<Jaill .Sjj'ui (Jiojliill l_UjJj_> (_J jiuui -1 
tfjlliS Cj^U^u ^UlAVIj jLijoVi j-JiiSl — II 6 jl—^VI jX-suj 

(j-a t^-ob Ajliau (j' '-r 1 ^ cs^'j 'ts^^' ^lUll [jc. (jJ^J — uuJl 

US jliill ei* (jjjL ,jc. jUi*B j pUaiVl ji^M > jWi j ^"H 



i - 



' b < ■ -il (Jjlajj J Ajjulu_)1I jjlajftll (j* ^* ^..'.^ ^J.^" 1 

jjjSajj AjjIiiJI tljlaalaJI SJjaJ jaLulJI (jjjuaJill Jc. J — <udl_9 *■! — La.SM 

*JI J ^ Jali ^SU jjlj HACCP -SI ^ tj. j 
J CjI jlai ji <Ja.l ji JaUj ^ j (CP) Control point ^ 4__pUi 
(jL<uJal jiV tjja. ^ l^jlc (jjLuiollj I^jjSIj — « <—s jrll_jyi Oil Lac 

(Jjl (jSaaII <j-aa S jJoudl dlaj Jaliill oifc ^-^J f-^ <Jj * ^ — >-« 

^Jjj V U&l j cSJ j=Jl <^jli-al Jliill gjioll JI (J^jJ 

t_iuu - £iiJI jjl lilli Jc. ^L«Vl 

jaJl 5jSIj* AJaiUJ JatfiJl 6^ jj*^ j ( 4j_3lixll J-J^UJl j! lllUj 

2LSI ^ j^oi Sjjiai ^1 ^jSIja Jalii w*lU Ji ^Quality CP 
Je i jkiJI ^ilU^ij t(CCP) Critical control point j-^. 
Jl Lpli gttJ Jc Jl^i L^jjS J] AiL^b Uili iliill 

FOOd Jliill jUVl J ^UL JLuj U liAj t.^'hnoll ^-kUu 

j*: CCP! JjVI AJaSill :^ j=Jl LlSill j> safety 

^ CCP2 ^ A^lill 4^1 j .%uJ jJIj SjLUlj f^SlI L3>J 

A^jaJI Jj^JI ja HACCP _SI ^Lki J UbJ OUlk^ll t>J 

jll jj^JI ji j JsL-jll ^ (CL) Critical limits 

Sjl jaJl JL. t^lIXj ASLdall A^j-Jl j^l aj^j ^J-^JI Jj^-^il 

^5 jIjm (j\ J) j • ^Jj AjJjiJl ^IjaII t_iuii — j^, . .AaJl - a^.vl*. ...^ 
jJL^m JJ Jja^j J jLiJ| jjLwm Aj^j J **.J=J JaljxJl aifc j_Jjji 

. jiai. 



— * <jak2 Corrective Actions ^aua^lll Olf Ij^VI 

HACCP 

ujsu lilj c ^-wio U JJ^ c!j JUfcJ j| jLUl dij^ ^1 

^ jrfj^jj HACCP plan -JI s J j > -j a ]| ±JU ^ - n 



iY 



. jkkJl djj^. jIjSj ^ ^1 CjIJjSII j gulUI o-iliUj 
<ajjj-aj iajJal j jl jail iLajl AjIjIuui jjj — — «j 

HACCP Records 

AjtJlA AJUill ^ilUljll AjliloJ QjSj ■ " iN ^ ■ ■) J ^r- 1—1 ^ ' 

lWj HACCP —11 f Uij Jaj cl^a tjx* j i^iiSI dUI j_^V1 

^1 ^l^ill CjI J jail j a] jiuiJl CjL-^jJI c^I^I -r 

AakL. j CCP — j a^>\± cia^ <> .-ft u ...y Dj <-. * tJ 
JSUjj olal j=uVb AiikL. j U ^Jl a-j^j 

HACCP -Jl fUU ^ cU^uJi £1^1 
Critical limits ^ jaJI ^ j^=Jb - \ 



CCP records <=»j=^l Sjku.J Jaai tiit^La-ui -Y 

JjLuijj Jjjljj jlkiVl Al^Jj -UkjaJi Jaliill (Jjfr uvt IfclS ill ojlAj 

ClliLJayi ^LaJl j| j*]l plju. (illij jksJl J jSj jl Lg5 jJa. £i* 

Deviations records cAiljsuVL k-=U> ciiM^u. -r 
Review necords <«J j*1U <*^U. c&suj, -i 

HACCP plan records ikilL a^U. cj!;^ -o 

J-aaJl (JJj9 *L«*J XaLii HACCP 11 <Jai. £LU^a_£ l$J3 J 

CjLajLullj Sjkliiillj (Jjkj CCP "^Jc l>> j^o ^rljjj 4-}L«C. 

Verification of HACCP system Jjjki <> jkill 

aJj^ll jji CjUjI j £-jlall (»^kill (jjilm") {j — « (JAaJi — 11 jU— iil <— J — sj 

HACCP P Uii cuUiiJ ajL& x-djiJjiA Sj^lkJI 

iju U ol jUiVI cyj system 



£ £ 



.l^Jft (JfiJI CCP cUUjJI Jel ja 2Lp^Lua jliiil -y 

djj^a. aJIa. jji V%"n » oil ^Jaj-aoll JjLuij -Ua^ — lo -i 

.(j-Ull j Jjkjll Sj^J Sj^Iju. OljUil -i 

. .H-aJI llA jjS 4-o_pUl JJjliill <jUS -A 

h&ty ^ pU*£ 

Ja jJaij I jj^ pLaJl SjLJ i> I*-** Ajjlkil OlaJ Loll ftp ua3 

.2Lj5lii]| 

uiuiij ^jU-jSJI «-a)£jsM ^ (jj^ ^—Sliiil Jj— kill fi c -t 

•Quality atributes SjjsJI 



.lUu.ball cjli^l 3*13 ^liiJl jiiJI 3JLLk« ^ jjJuj -Y 

^ Antinutdtioual factors ^iiill cjl*jU Jjkjj 4_J jj - ^ • 
Food microstructure ^liiJI csAill t_uS Jill -U 

ujj* Jill j eliill cjjSJS OH A-j^vjj ^L_jJ^il (jj-Jalb 

j=J ^jio jojb tfXijtf jUdJl 

.1 V fi J \+i £ J*«Ul]l 

^ (jiiJl ^lixuij Igjjojj JUlauj ^JJcVl Ci^l a- i-i u& V 

Food storage olp^ 1 p^! jj a_j:i=u £ 

.^jmiUJI JUI *jL> jliiiV stability 

Proximate chemical composition of foods ^J&SU ^jUjill t-i»Sj3i! J,ii*3 

j moisture kj— Lj o— « V- 51 -^ si — 4 tf' liA- 3 
y^a <i!fc »Ijm Total solids U-II -Ml ^ isj^ drymatter 
0* SiUil SjU cU2 j ^ uWj^ J ol— *ll «-J uk)^ 

Carbohydrates c^l jAja ^jSB - Fats OjA-JI - Proteins ^jjJI 
ijbftfl - Vitamins cjti—Uiall - Minerals ^X-»Vlj LpL_*J - 



i jJ - Hormones CjU j-fll - Enzymes cjUj - Fibers 
UiSjj AjjJajJI AjL-aJI i^J j Toxic substances 

■ j (Jj «2LiLo]| SjUJI J| Ajjlajll i—lxaj (jjUSj %^ • « 6jl^La 1 j H aaj 
,jjla Aa>_pj t^jil jjJ) AjjI^G S^L> t>» ^jLaJl Jj-oll tlllijS* j — « J_S 
oi& (jc j i« j j tS^a, j^ic- tlib jS.nll oAA JJ-^J (J .)^"^ 4 i ^'^'i j SJ^jlia 

ol jJ Ajiliiil si-J ^1 Ajjiajll jW*^ 1 ts^ liil Wet base jJI 
Juaai lift j Dry base <-aM ujj^ 1 lA^ tr^- j— w j> ' ^li ^' 
u\ J ojJ^ ^jj^ V* 3 * Oj^ 1 J^J 3 i> j— «tJ 4-4a "^Ji-S 

Ifric jjjxjII fji il;'^ CiLu£j jloll *JU. j k< ji 

plj-^jiUl ji ( fljaJ i> V l » ) f I jl ( r "1 • ) flj*M? 

^ US tSllij ( j»l jaJ! t> • ) j»l J=" jft- J ( pi (J — 0 ^ ^ " ) 

si-all ajjLJI ^ljjUjSII ij*llj iTjIWII ol^.'uj dhjuftjtll 3_JU. 

^Jc. jjj«j1I j»JJ JSj '^JjJaaJl fj^^'j AJJ-i*-all j > A \* \\ lilL £j -Ll jliill 

^lU. Part permillion (PPM) cjjM <J £Ajj£J ,>l_ju 

4jjc j»lja. \ ♦ • / pa. (jiilJ j^lc Ifric jJJ«j1I pi- J 4j — LujS/I t>=^ — aa-Vl 
•LtfJJJ p> ^ • 1 / p'-J*' J O^JJ^j p'j^ ^ ^ / f** J 

.Ajjc. ^1 ja. ^ • • / pi I jjjw Wujll 





Moist- 
ure 


Prot- 
eins 


Lipids 


Carbo- 
hydra- 
tes 


Mine- 
rals 


Calo- 
ries 


Meats, medium fat 














- beef, mutton 


60 


17 


20 


V.J 


l ^ 

1.0 


Z JU 


- pork 


55 


16 


25 


U.J 


l i 


■3 on 


Meats, loan 














- horse 


75 


21 


2 


1.0 


1.0 


1 10 


- fillet of beef 


67 


20 


10 


0.7 


1.3 


180 


- chicken 


70 


21 


g 




1.4 


150 


Men*! cpits 


74 


13 


12 


0.6 


0.9 


160 


Fish, freshwater (carp) 


78 


18 


2 




1.4 


100 


Fishj marine, lean (cod) 


80 


17 


2 




1.6 


90 


Fish, marine, fatty (tuna) 


60 


26 


13 




16 


220 




80 


10 


2 


6.0 




80 


Offal 
















70 


20 


4 


3.0 


1.7 


120 




78 


10 


9 


2.0 


1.5 


130 


C^nnbftA Tn/*nlc 














- black pudding 


JU 


Zo 


ai 
*n 






fo\J 


- cooked ham 


48 


22 


22 






300 


- salami 


30 


24 


35 






400 




87 


4 


4 


4.8 


0.8 


68 


Cheese 














- Camcmbert 


55 


20 


23 


1.0 


0.9 


310 


- Gruyere 


34 


30 


30 


1.5 


2.6 


390 



ALMS and LINDEN (1991) : j^i 



iuJLSlI iJUll iuiiSlI a*** ^ ^ jUSM l_jjSj31I :(r) jij 





Water 


Prot- 
cms 


Lipids 


Carbo- 
hydrates 
(soluble) 


Cellu- 
lose 
(fibres) 


Mine- 
rals 


Calo- 
rics 


Fresh vegetables 
















- lettuce 


94 


1.2 


0.2 


3 


0.6 


0.75 


18 


- tomato 


93 


1.0 


0.3 


4 


0.6 


0.60 


22 


- green beans 


39 


2.4 


0.2 


7 


1.4 


0.50 


40 


- peas 


74 


6.0 


0.4 


16 


2.2 


0.50 


90 


Dried vegetables 
















- haricot beans 




ion 


1.3 


GU 


4.0 


3.0 


330 


- soya beans 


0 

a 


jj.U 


ion 
Lo.U 




D.O 


4.9 


420 


Cereal products 
















- soft wheat 


1 A 

14 


1 1 c 


I r 

1.5 


CO 

68 


2.0 


1.75 


330 


- tiour (Ijto 
bran sifted) 






1 o 

1.2 


75 




0.60 


350 


- polished rice 


12 


7.5 


1.7 


77 


0.2 




350 


- pasta,uncooked 


8 


13.0 


1.4 


76 


0.4 




375 


- pasta, cooked 


61 


5.0 


0.6 


32 


0.2 




150 


- white bread 


35 


7.0 


0.8 


55 


0.3 


2.3 


255 


Fresh fruits 
















- cherry 


80 


1.2 


0.5 


17 


0.3 




77 


- orange 


87 


1.0 


0.2 


9 


0.8 




44 


- banana 


75 


1.4 


0.5 


20 






90 


- chestnut 


52 


4.0 


2.6 


40 


2.0 




200 


Dried fruits 
















-fig 


27 


4.0 


1.0 


62 


3.5 




275 


- walnut 


4 


15.0 


60.0 


15 






660 


Fruit jam 


30 


0.5 


0.1 


70 




0.2 


280 


Honey 


20 


0.5 


0.2 


76 




0.3 


300 



ALAIS and LINDEN (1991) :j^Jl 



(_>nLuiVl Ai-iaj Jas-uU SiC JjU"iti 4jLaj ^jlil! St ■ . i t> j j 

Precision j^V 1 ^j- 3 

Reproducibility -X 
Accuracy *SJI -V 

Simplicity of operation *l -£ 

Speed ac. -o 

tjjllaj tj^Al ^Ja (Jill ^»_)SjjulJ ^gjli <JjWl JjuaSJj (UJjlL-iJl ijjlajll ji 



0 i 



Sensitivity ajJjuoJI -t 
Specificity j njmVii l -V 

tjjLa JJJSJj J,'^"'.' (jn"lVi A^Vunall <flJj — la]) Qj Sj CLy — aj tftJ^ a** 

Safety jUVl -A 

' . Uuu V (JjiikJ ^9 La AAJjla ^I.Vn"), ml Jl uaL j j 

Official approval a^jJI j' M-»j&VI -1 

(JjUJaiallj Clliifrll (j-a IgJ uijisu) ^J-ojjJ AAljla QJ-^ uiS j! "j j 1 ""' 

International aJj^I cAiuJjJ 

Aj__5Luji]| — MaJI ji (ISO) Organization for standarization 
Assocciation of Official Analytical Chemists Jj — 1*311 
British Standards Institute A^LkijJl iiAikJ jj ^ j (AO AC) 

.(BSI) 

Economy ajjL-^SVI -\ • 

^IjjJl Jjk2 J -UjiSj d jj jUaJI J SUyjlJI OjS J <.» ?j 

jikoii jj»oii uuiia ^ifiji ^ v ^ ojisui 



jj-aic ji (Jj£a (j\ Jjkj] ^Ajjia jUil Juc. ujlvj liUi ^ j 

.ti&j ^ gStiS Jo Jj-J o^J ^ SjUillj tfall c> AalU 

: Ji Lua oljUcVI 

^jJajjijall (JjljJlj CLlLaAajuJlj iLlU-aLaS (jLo Jjlaull iljljj J .Wi.., ) 1 ^ \ -\ 

iiiljjj&lij viDUiiili j jiijtiM j ijlili ^ c 3b Jj ... 

lillij Jjkj ji jjjju JS J Blank lilSL 4jj=u pIjsJ -r 

.^iUiSil j&l j=JI j JJUJI Sjlij ^ ^Shll -r 

.«L«.VV'u*ii>ll till j JlV I J JaJjJa (j* - 1 

^=kl£ AjjaJl ^^"J jUiiuil £j> «c_ijjiall (_>u9j iJj sjj Sj — fra-Vlj tlilj.iS/lj 

^hVunU (JaI^K ^4JjiaJ clyJjjJl Ji& (j* t^JJxJl -ij»»j <lla«i ^ 

AjiLulaII (»_ljLaull (jiaxJ ^ji <ji 'ijUi)/! — =>Jj nilijjj — 11 (jis — <ls. 
i_ilwa> uiJ^j ij jsu lil&bll ^JjaJ ^Ifl Ao*?.J^ll ll£Ajkj]| 



ojj^Sj jI^aII jjUl £-> cJcliill ^ i_iLi&]| jAjaJl (> a <1 ) .-,.,,^ | 
^jk. ^jUjSII JjUL ^jt jJI jj^sj LaS ^ij c<i}Jl ^ 

^jjUj Jl» ^ <j| JjSlI jlw (^-IllLj .Karl Feisher JjL_£ 

*J£JI JJ-^a ^jil o-ai t ^,S-i.„o\| JJl^ll SjLaj ^Sb II j 

Jac (jiu tControl sample AjjUull <ii*JI J a : j 

ij-ail jjSJI jl j.- ^itII CilflLij (jj^Jj 4lJ UJjIUaII gulall (j* 4jjc 
j-iL-cu. Ujl jaJ ujjlkJl Ciljjjiill Oljlj£j J_-«c i_i r: -£ 

pija.y ^ui^i^i ujikJi ji^ji J Aiijiji s^us (j-ba i-Lij -o 

CjljJa^j cjULo Jauil Standarization SjjU-JIj ^5-*^ U liAj 
ifcJc j .^Vul i jjknii ^ini] A^ba .iiijA uj-jSj ji - » ?-: 

^1 j& l^s^ ^L^i ^US J t ( UJfi J.^-.J t 

or 



Ail*JI JJsuJ U*Jl Sjj-unll E l3fiJ j l^Jc ^Slltfl cVoU tjLS ^1 ji 

^ jjxill ^Jkiii Jjkjll ^ <auJal j CiUUjI g-l jiU J^uu Luj t<jjlkJ 

t— UjAlftll cjljJsJ) (J-^J ^ AajJI Slc4_)« L_lao LoS iCllj) j £j 1 — V 



Sampling ii\ 

^\ ^ l^Lkj jljj Sampling cAiuJI iii ajLc. j fuu 

AjLicj aSj JSj IgjUiljx I^j ^JUll cs k. c-isuj t JjkjJl CjI jJaij diU_i«c- 
jjjliiil gtilftU ^IUa jj£Sj <Uiluij 4^>jt i n AiijJaJ iij i i*n ^ » 

AjoI jjll CjULuJI j AjIuJI c_a jjfcJI j Ljiuall SAi^c, Jol jc jjjIj l-Ujuu 

<ji Hetero geneity o-jUill ^j© ^u^aijj . JjlJfillj Jaj— Bj Vy j &3B j 
(311>j I i»j Macro hetrogeneity jjSUI ^ J AjicVl 

tjiul^jll fJe j tLot ibulk »l iill Ol.^ j uJJ J jxll UA&L_iVI 

3iHiJI »l jatyl Jib <_StiiVI bIjm j Micro heterogeneity jjl^JI 

CiliuiJl ^ U jx-aic jjSjj (-itiija tAj_jliiJI S^.j_Jl J_ib a 
L$JjJj 4Ajj|iiJl S^jll j^jjLa. j^Jc. ji ^jauij^VI (> Sjj&ll jl iLi_Ajli5l 
.<jjblo gulii ^jlo Jjut* II jjJj JjLoiall jjc. £Jjjj]l li* 

pl&J] Ajlius Ajjc iii Aic 5j — uiLuil Ja jj i3i j al jj lJ « ^ J V j 

j Reprsentative Sample 
is\ l^ji LjiLjl Random jJie, UjjJaj <£uu> SauJI uj-Sj u' 

. .ila^a CJjluil jl iJJ*>* £_>Jaj-o 

.Jujjj AjjikJI Jjjktf djLiUJ ^ <uS iii -Y 

CjUi-a jl oal ji jl (-JjSjj jjij <ji dj j^a. (jjj jli— 2J ~V 

*2B t> SjjuS C>bj £& jll ,> s jj*., Jjkall ^ ^ 

.i^k. j^ui ^avssii Lkiii ^ J Ujj ^ aajj 



0 0 



fSaJl (j^j iijj < . . i ua n (Juoj diUaiaJ dlllifi. jjSj ji pLk jt s<a.jUa 

ji «J jjluu* CiLaula] <-lAij& jl t^UiiV 1 CiljW. plfrJjl .j*J 

JjAxj 4jjaJI < l-,ui <AljlaJ jl jjj !l ^ ■ ^ j i^. U">1 

(JjLijII (j& jjxj LoS tLiatSlj Xkcj guittU aJIcu) 4Ajc. ia.^ <jJa-4 lUI J* ji 
Aijjiaj ^L-auufl tA-ilSJl ^uliiil S±J| 0—* oil *l j_Vtfb 4j_jliiJl 

S^j (> Uiil ^ ^ Ajlliiil S^Ull ^ (jlkjj , jUiiVI t-jJ-j- 

Sample unit Consignment Bluk or Lot 
Increment 



-► & jt i <*i nil AjjjiJl— ► (JjlallSl 4-ilE. 

Sub-sample Analysis sample 

^1 Jill ullal uiau^ jUlil ij^u JaI jc 

(J^aaill (j-o (jJbjiJI — ^ 
.jj^aSjll jl JjJflil t^la ^Aj"^ (J^ft 

• SjjaJl ^JjVij M^" 1 ^ AjjxJI (j^aaJu (J& 
.(jjuUall 4a jJ .UW^ AiuJI (j^i-vfi 



on 



,>Uj Sji^ CjI^xj Jl r uM i}-3&A JS— ill 



Manual Sampling ^L5j*1) uqmJ ^ jjJI ^UaUl 

jIjaU 5w..'iB i <LjjaJ Cjl'iwll l_Jaujl J ^UaJ 11 l.3_-A ^ 9 

tjc JaliJl <^lj?>J U^JJ t4'n» It i , It > ii AjLat JjJ lAi^. lg liK i_i 

. jsj p-UI (j* tlll^a Sjfc 4JJ*3I <_Lua jljSj (JJjia 

^hVuiiU £■ jJl <uLc. f-lja.1 o^-aJ <jla (— JjJaJlj (jj ->! null 4j uolbj 

^ ja*_jj| Hopper {_>jujjlill ^ tj jjaJI <ip ^-<3j <ciiliuiJI ^uiL« 

(Jiuil a ju»[lA £SJ Jajja^a (_ul ja. (Jj_)j]lj 4 ijit II ^ <i> hi ^juiLoII ^ lol 

t_jjjaJl jaLjiij lllllaJja (Jj^j la jji-afl l}js± s^aJ 451 

ClI ji flAiU uillajj cS jAllI ^UaiL lIjIAuJI L_laua. 4jUc jli j 

<A Sampling Probes i±J cjI jJ L$j1& l 3_JLj &_jju> 



Thief JjUl i 

Trier d>-» -<j 
Sampling Tube cjUjJI Ajjjji £ 

<r .r,\ >L r ii ^jiiVi ^ J> uj^ *^LMj 

Sampling Screw CjIi*JI iii j 

jjij JL« <±n jJI jjjull dilic L-i^ <>^ fl ^a5 J fi-j 

jjiJl g-ljil t> £jl J£l <^JJ -^Aj 'Wj^ 1 <Jj* JJ^J C> JaSi! 

Sampling Knife cjLiuJI iaJ 
<JL*J i^JI J i^A SjifcVl oUjc iii (jjSjJI |j» . mj 




Sampling Tlibe cj^x ^ jji 




Sampling Screw ©VvJijuIl^ 
Sampling Probes V id «a>J c*«f : ( \ ) JU 



0<\ 



Drill jLJItf j 

£jJa jj ti_JaUJ ^jjaJI jl SA^aSI <ji&Vl Olip iaj aJVI *>j 

LS ^C (Jiiaaja -Laj^jill jl^iij Ala AilC jIjaII jvljiiJl ^ 1& j — iail 

(• J j ■ a- J AiluaJl iJjLjjaJI iiV ^JJ-ia- (JJ-k» t^LiAj t4jj|ii]l a^Lall ^ 
^u-v'i ^li ' * '_;■«■ ; £"^VI iaii ji=^l Aj| f-^J LMJ^ 3 CP" * J ""' ""* 

. jIjaLuiLj AjSjaII Aii*JI 

ililiic. tfJjfi-^l JuiiA fl.YvU (jS) Sj AVI jJ_ ajj 

•iiJua-J Ajj&S/l 

:iiUi] Ajjjijjj (jjia '6 j-alou> 

.Riffle Cutter j-^VI Ls>^' ' 
•Circular (Vezin) Sampler uji\d\ AjjJl cj^Lo. 
•Straight Line Sampler fj£Luull JaLil (j^U -g- 

<_> U jUisJ ^Ii (jjll (n) units ol.ia.jJI ai& tjla a^Ic A q 

:^UaL 1$j1c JjjuaaJI uSaj (N) (^H plic 



n\ n = 



l^lajS i_iSjijj ^ AjjC-jaII AiLllI As. JlaJ J — J-** C 

•N (jjij^-?^ Aa*_p 

(Jj1=*j]| AlUj n (jJJ Ai£iU]] Uii i cft^j Ais*JI ^ (jli £— §1 jJI ls — *J 

^SJ! u.,„ : \ i ^IjAJI c_ia^JI aAoc .aj ^ IkiJl j Precision 

JS Aj-ajS tjjSj liiiau N jjKll pliiJl (> n OlJ*. jll UJauuo IfciS fJJ 

Jaojjjj jiVl n *— iloa. j i.i-tiu o=j2 (^-o AjalSlo n ol^j 
t^uiball Ajjalj gjbll ^-i j j_a j-JI Ul&L^VI 1—*. j± n 

.AjjILJI Precision aSJ a^pj Standard Deviation (S) 



^ 2 ijIUaII fjlcj ^IjjVI qAjj Jc- ^jj*Jl i_ia_ej j_j 

Jc- ^J^i ■^J^J JJ 5^ ^Jl AP 5 ^ 

$.1 j2kV 'Sja^j *Uja* (JjSj Ajjc {jl ^Jajl U jjiSjJ [jSj u ill 



5 jUauJl yUl JJC 
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n 


A 


r\. . ji tro <> 


y . 


y . 





AjlaujjiVI (jSjoJj ^LaJajla 4_ij|jiic. <LsjjJaj kllijjiill ^ dlljJaJl J^ia-J 

(jl<y S-ij^j* oiA <j£S fj I j|j t^J^ 1 ^ f^J^ 1 Jj 1 -^ 

(Yj^ic) (3jUI Jj^sJI (^iua. ^Iixll ^ t_i jlkall (cTjU jSjSll) 



.S jliUll JjVl AjiSjSJI j> 

& jl jj li^Aj ijt tJ r tji ij JOjuSuii 

.^1311 J ^ (^Ul JjiaJ ^ SAW all CjU ^JjSJl 

jjc ) J J>bJ t> i^Oi %u&]i ^ ^jjS o . . . iij.ii ijj 

4-iauuJ j ( CjU jjjS \ . jA 4 U .frill o^A <> U jLili.1 ^ CjU 

0111 
^ * 

t £ ♦ » * tY" 0 • ♦ cf • • • c Y o « • tY«»» t \ • « * (0 « « 

0 t « » 4 £ 0 t « t 

t>aaiU t_»lc. A LisJ ii^j .<Jc Y « Si jaLJI i.i 1*31 A1 r- jj_ £j 

.^jljjiSJI 



CiLSjjjii! (> uiklj jb5*1 

jj jS JS iijj j 3jLUI ^iijJI ^ <->jii*.l <j jj jS tJS ^tji j 

.dilUill ^ ^Ul JjAaJI 

jl jjjjSJI (jjaaill f.\ 4 lj» ..fill (j-a AjjIjJoC. <ljjiaJ ■ . lis A 

















H 


n.. ho 












1 < AO Qa 





tliU.la.jll J^o ^ j tlua. t^o J u = J ) t^jbjj j JSA_x. ^ — uiS 
^ iji=^\ ^jjjjSJI JjVl ^uiill (>» jtSaj pii ( 1 (JjjI — uJl Jj. v . ■>! ! 

: JjVl f-ill 



Food Moisture Content 



sjLB ^ ^Uii-j ^joVl cjU jla moisture ^J-jll 

^Sliill j^UJIj ch JUaslj JLB1I J^j L_^I 1_^S ^jj^JIj 
^ Ujju J Jo J 

SJUI ijjSjjj ^ Jc *JjM j2# ^ u— * j CjUj-SJ 

J# JMLj tAijaJ pLj^Vl *UI J ^ S J^ i^J SliiJl 

^liiJI SoLM t> hjLJ aJIjJ 0 li JUL, t(i |^jJ| tjj L 

Lu IpJ aU5l£JI Joij c£*oUU o- jjSS Uaj J] ^ C !>UVI J 

J*^ 1 ^H^JJAJA J^ljJ 4iaJjJ VjjJaxj <>Ul CjLj>. Jafij-Jj 
L)J^ tfl l> 6J^- AjwJa ilili^ j eUatl Jj ^jjj ^aJI 

J J 1 A Jj>1I ujjj *LJI jjla JllJI Jcj , 

Jci M »U <^ t^J J^J «°A J">il OjjJl 

jbjS d Js A«iu j]| Ml Ajjij ^ ^^vi <jL> :LUi 

■Ujjli »U ojlij> ^UjV IjJy <ui VI < Jb>JI ojjil s±l3j 
OUi ^kSi Uiu ^ . . JI cUll oUlo JLLL a , \; r jJ ^| 

■f 1 ' IS* ( WjjAA -kjljjj 4jUj> .kijjj V ) UJ^VI 

Jo uaju j »iju «uii -uLsa jii ^LiSi jsijji ^ ^ 

tfja JSUI aLJI J^ JJIj ,UI CjUj> jjj Sj^ uil^ 
JSIjJI t> OLi^ »Ufl jj^lji ^jjUu (£) Jj^Jl ^ ji^j lSj ^ 
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S jjUiai ^>ll viUjll c£ja ^>_pLii *SUall 
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(jc. ^j^uG Ljjla qi ? ._ > ju£SII s jl-i Electronegativity 

(Jill ji jjJc ( 8 + ) Aj a. j-a 4_uj_a. 4js» — i 4 — (jJ dilji 

ClUajill Jwail AjUdjj t(_iiiall lilja. ^*ru«nj f.i — aSI — a. 

is'^j ilW^J^^ *-P ^J* ^jJiS£5U (j-aliJ tjC-ljall yjjhiil lj-J="J 
fju js. J£J jjSj ^jjiiiJl ibswUll (> Aili SJcU5l (^cbjll j»jjJl Jlui iiL 

LjjSj iSji>\ JjIjjoij <jjlLa3b «iLall jl^oj^lj (jUliJI ^JaiJ ^lij J J — uil 

"\1 



.(JjLJ pUll s jjjS Ajkb liLiLaj ^ja ^tLu l^sji 




*r>* O Oxygen 



Hydrogen 
— * Sigma bond 
Hydrogen 
bond (bridge) 



■Mjjllj ^L-ijll v-jf-ll JS-Jllj *L_JI • (j? J_»J ^LijJI i^jill :( ^ ) jLi 



uji <> ^ ^ ajiuji Aiuji jjuiij ounioJi 

•Total Solids ajSSJI s^Ub Ujo j*u 



Jai f .>> l^bj J^x-jj AjSliiJl SjsUJI ^ Jaj cjja. < t >_ J ill j 

(J\i« Sji&Vl (>a«J AuuI.m11 ilAiualj^ll q-o jjjjjajll (^jja-aJI j ; -£ 

AJj^l AjjUjJI C£U*a1I ^ A-Ufti L*J ^jLjll tSjia-Jlj AjjLJ -O 
.Sj^jj Ajjlaj Ajjuu (jjiluil ^glc. J« uliULaC ^ Lo£ 

(J* .AjieVl ^ jLuiaJl £l jji jo ,ti uii .1 -UaJ j 4ij_ « -1 

.AjicVl (^a (j!«JI Aj«u Ai^J -V 
• ijjjpjll jl frjlufljll jl tiJ^WiU AjjIiiJl SJlUll Aj^L-a ^JU AijjL* - A 
(^JjLjJI ^jV^l! aJjx* gjiall ^JjtiiJl 4-aJjJl i_lluia. jl JJ^SiJ ijlVn J ~ 1 

•Dry base uilaJ jjjJI ^iJ ^Jc. 

Aji&Vl cj- 3 *^ csO^jll LSj" ^ ( ° ) f — *J Jj 11 ?W £ — ^JiJ 



"\A 



p , T . Approximate Poercent Moisture 
FoodItem (wet weight basis) 

Cereals, bread, and pasta 

Wheat flour * 10.3 

White bread, enriched 1 3 .4 

Com flakes cereal 3.0 

Crackers saltines 4.1 

Macaroni, dry, enriched 10.2 

Dairy products 

Milk, whole, fluid, 3.3% fat 88.0 

Yogurt, plain, low fat 89.0 

Cattage cheese 79.3 

Ceddar cgeese 37.5 

Ice cream, vanila 61.0 

Fats and oils 

Margarine, regular, hard, corn 16.7 

Butter, with salt 16.9 

Oil-soybean, salad or c ooking 0.0 

Fruits and vegetables 

Watermelon, raw 91.5 

Oranges, raw 86.8 

Apples, raw, with skin 83.9 

Grapes, American type, raw 81.3 

Raisins 15.4 

Cucumbers, with peel, raw 96.0 

Potatoes, raw, flesh and skin 79.0 

Snap beans, green, raw 90.3 

Meat, poultry, and fish 

Beer, ground, extra lean, raw 63.2 

Chicken, broilers and fryers, light meat, meat fiR 
and skin, raw 

Finish, flatfish(flounder and sole species), raw 79. 1 

Egg, whole, raw, fresh 75.3 
Nuts 

Walnuts, black, dried 4.4 

Peanuts, all types, dry roasted with salt 1.6 

Peanut butter, smooth style, with salt 1 .2 
Sweeteners 

Sugar, granulated 0.0 

Sugar, brown 1.6 

Honey, strained or extracted 17J 

USDA(1997) II 
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Free water jail *U1I -Y 
14 jj iu^jS l£UJI J ^ j^Ljlu^ ^ ^jj yji-J *L_J 

j* j (J5USI *Ull (j^al ji. ^«a. eUll ^ £jiSI |i$Jj tiliUjSJl jl&iV jt 

.iiSliill S^Uil (^jJajll jj^Sj (jfl ajJb ^uhj ^ill 

Absorbed water oai*4 frUJ! -Y 

. Vander waless ts j£j <i Ja£*jj 
Adsorbed water o^ 4 ^ M 

Hydration water i^jjbll -f 

fcSlli Jllal 4 jaJI (JjLJl eLall <j<al jAJ ,fcS"f\.l V J* J If- j— =>■ ^ — ""^J 

<^li£ Lactose monohydrate oIjaajSj* IjjjJ — 

Hydrated sodium p jsP j*-^ 1 cJ»— 9 c>— *>fl lm 3 -*-? 

sulfate 

JL^Vl cJM* JaL&il 

cS jk-JU Jbj t-ilill l+uU5 ^i. j ijicVl Clu J «J jj*J (>-- 
t-itiil ^LjLtfll j^Ju ^ <Jajal» ^JJJ i-ifciJ ^ ^jla jll J (_>J — ai 



v. 



^ *LU J ^IS-I ^juj pliill tijUSlI ujjSjDI ^ ui!5liLVI u-JJ 
Water activity ^Ul iaLiiSI ^ Vi. J iijl jilj jLuia uiuu ^ill 

.JiiJl JlLuia] 3ujjuia!I tllljjijll CjjJa- (JAa (jC. JAJjuU 

jUill UjUII 3ajJ j^j ,j J«l jc ^ jS <il Jl 3iLbyb 

til Water availability C 5U— I ^UI! LLiill 3a Jb. 

JaLiill 3ajJ t-ijjsu t jl<uj pliilb J3U1I *UII <> 3_».llJ j-Ij 

:3JUI Sjj^Jb Luibj j^LJl 

(P) SjiliiJl SjUII J *U1 „3>J| J^l 

— - a w uiUi JbLiiii 

(Po) S jl j=Jl VjJ «M> pLJi Jj^JI J=i^JI 

ERH ijSliill SjUIU kj^il j=JJ Will ,jl jjl ^ 

CjU^IoJI (j^ul (a w ) ^US! JLLSull Ju£ (1) ^Sj JlsS Jj^l ^ 

3a j^j Jjjj 3_}3liii! sjUJ ^jUuSll Jill J J i jUVI j-iajj .V-SliiJI 

3^ 3*jGjJ 3^1 <^lill J LS t 3jjjllJI AjAj oIauJJI 0- 

. » ,v ^ jsi aw ijjiuiA .iic 3jjjLui jjsja oUjiuJl 



Fresh meat 


0.99 


Liver pate, ripe cheeses 


0.95 


Frankfurter sausages 


0.93 


Paris ham 


0.91 


Fresh cream cakes 


0.89 


Smoked pork 


0.87 


Jams 


0.86 


Dry sausage (28-34% moisture) 


0.84 


Condensed milk (sweetened) 


0.83 


Frozen foods 


0.81 


Concentrated fruit juices 


0.79 


Fruit cake 


0.78 


Honey 


0.74 


Dried meats (15-16% moisture) 


0.72 


Sugar syrups 


0.70 


Biscuits 


0.69 


Cereals 


0.66 


Dried fruits, ice creams 


0.65 



ALAIS and LINDEN (1991) : 1 



l> jjSI ^.jJb oUlb Jaiijj jjjS^ll lM^ul* u! L ^ »^ -^WU ls-^ 



YY 



aj± J>UA J-^l c> ^jiibU <aL^I dj— Jl . 

fjPjtA ajjjIS ^L^i ^ .ill j j tcs jjL J ^j^A ^ 
fti&j a w —II <aj3 <> tj^iLj JjSjk oAwjJI J jj.^Ull jjjS—JI 

■C*AJ-&*Bj c^Oty 1 JaL^lj tfjUSlI jLuill [>j 

Auliii lS^j JL& JLLfiiS aS^ (r) ^kj jS-^ili 
sijj ^ sa^Vi ciiJLilijl k+udL <jj dija. . ih n a a* Vi 

♦ it- • ,^ i> Jai a w a-jS ljjSj UaiA^aUl JaUill a^ ILL, o^clilll 
SjaJ JjUB OdJ^j ^ l-s*. Ajuju, SAuiSVl ajLg u j < ; 

•^jjJi ,-iiJij cj^jjii y^a ^.jj (ji^i j jjA^i objiii 

aj^i ^Iaiu£ JJ: u3i 0 ii . ,o _ . ^ aw La>:il _ &j 
jjSi Uac, .*UU J^sj! Sj^ a^u J ^ j.u;;-,. 
s^sVi aJ^ j*i Vs^ii s^u^i jjjj ^ , aw 
.S^SVl >^ JlSlbj S^SbU SJL-JI jljJI jiib Tjib JiSi ojIjj 

oiUlioj ^ jjjllj non enzymic browning reaction ^ jiyi 
~ * >°ux a w uj^ U^ic UL^ai ^ d^l&l 0 LJ ajN, , 

^ joiiai ^ ja t ,v - 0jSi ^ 4 ^ t ; v 



vr 



Ui JjSj U^ic Jeliall l»Ai f\A J US t^jLjll jla «I I jaJ 



Ralativo spaodi ol load deterioration 




^itVl ^ Jbuill *p>.j Water activity ^SUI iUull 3*jj :( ^ ) JSJ 

£Ai t^jiV 1 jSilb jj^wj . ,t - O o— * >^ il w Wjj 

( j^a^l i ^ji^i .iic. jjSi yilij Lipases jjaJJI CiUij_jy 

•^Aj Oj*i d ^UkJI S^Loll j 
• 6w a w -Jl <aj3 OjSj UjiSc U >«al US J1»JI ^jjll 



Vi 



£ >il Ujj ^jfcij ^Ull JaLiiH > ^ jL- Jai , ^ , j t > j| 

.og^iU .,A. jjLoil « , A A U ^j&Jl » , *0 j jSj mi i_j j jSj*1I 

.SjUI a^ jj^jli 
^Uii W5l5 J ^^Jk ui ^. ij* > kkVl ^ , 
Hlfih moisture content ^jM j jix*li h&j* JL,&| ~.\ 

Medium moisture content ,^>M j>»*aJi Kj'^l ~y 

.%va ro 

Low moisture content j >U^li iuiiid* Jgj&l -r 

Jk jM J** J> 

■J r. ^a, i j 

.^liili a jUI ^tUJij^, ■ > 

.^jiikii iuUi ^ jL sUmo r 

.^jL-uiVl ^1 fill , vj^vSill 1 



Free water *UI Sjj^ ^ ^liiil si-cJI ^ ^Ajll cs_jj— 

^ CiLjjS^I Jlc Ji^j V ^! Alijiall £-Lu! j jliiil t_jau y-JlaJUj 

<jjU1I Jja^l ^jjla ^li lifc Jlcj <jjLj3I jj^sj ^ <£Y&\\ 

I Inclcr ^Jjii J j&l 3IyL I*** j& j ^ jll j ^ j=J]l Ju 
jjj^Sj J jaJI ^jiliiJl sjUJi £■ jj j Ajujia slclj « <-j_2kj tiUi S .vaccum 

• DisSCatOrS ^Ujll ^Uaa. n \\ fWi.nfl jSjj ^ ^jja^l! (jlJall 

Viliiil Jl J ^ ^ Ovens ul j&l jj^ ^ ^ j_JI 

•Distillation methods 

Infra »l j*aJl <^=u a*^VI Aijjla J Electrical methods 

t Ovens jl jaVl jLo IjSj ^jii-u ,^1 jjUl ^ ii\Li_4> j red method 

(Jllli ^JLJjla ^hVtml O^Aia Ajijjjjj ^JijjSJ ^iljiaj C^J=^} (Jj — (J^ — ^ 
^ejlJu]l dul£i lil Loiu tAjujut gullill yJLsu tJluaj (J — ai 4j — uiLuia. A — a. 
ij /u>iJI ilili ^LjjJall jLui.1 c-iaua ^1 (> ^jila ^vj^ t5 _Jc Ajj_Jixo 
Juki ^»Sj ^jl jl ^jIjUI L-lLua. mi-JI (j-a (jlUJl 



vn 



Jjj*. qa ^jkjJI jj& J* ^> Wi. H «1 l SJ-W^ i-i3l_ijj 

JjJ ^ ^jL J (jjji^ll j-^ ^L J _J a ]| jL}_jiaJ 

CjjIS ^351 ^jjiajll Aj-aS ^ I OjSj LS^J LJJJ^ l5* S*JI — 
t> SiMI ^ ^iu IS>. J LoS i( ^jjUiSII (jj— Ul ) oJ_»« 

^jicbU ^gJjJajll (jjis>>ja\\ JJ^Sj ^jfl 3 a,W<in.nll (JjlaJI (j^-aJj 



Drying methods 
Distillation methods 
Chemical methods 
Physical methods 



VY 



Drying methods 

^j^ll jj.iSial ^UlS ^Jjll ^ Jaall iijjj tAjjIiiil S.O ^ku, ^ 0 & 

Jib pljfril Ajjpll JjHw <a. ^jjill J_jjj> 4'i wll ,» 
J^iiil OlijJl Ate JbSliill S^UI ^.L^ ill 

■Ovens u 1 pl-Wu^ 2b$lii]l ajj^JI £ jj 

Decomposition tii^j tf.Wi.nJ ^jill g- jjj :&jkll jjLJI ^Jll 
.ffl tilU ^jojj t(Aij*]l Free water i jaJ Sjjtjll ^J) *\ « 

^iLjJai ^uji r i^a«vi <^ sj j=J jfeAtsi >^T 



YA 



: ji Jui^ii jjfa 

jjWI tfjaJl JaLiail i LSaj JjjJa 

Aja.La.jll Cjliia-Jl ji OvenS Aji*5! U 1 J& 1 f»^J^ JjUl tti-A J 

•Dissicators 

Jwau dya. Forced draft oven oJ Jll ^1 j_iVl l>— « j 
Carter Simon oJ «*Ui£ 1 o s^l r ^ r . JI s J jaJI 
Chopin ujsj t3 ^ 0 s ^ ^ 00 t^j ^ s J j J J^ <j'^ oven 

jc-Luoiall p.Lall jLaJ JJAl 4j3j f ^ * ' t5^' ^ »jl J^l J*-oJ ^ 

ijjflll J QiLa^Vl jUs UJ^J ^ jJ*JL£ll AujS SjU Jfi 

i_Luiajj . jjjSUI eL$jj| Jc Jjj La* AjjjlSI (jo Ajjajll jjajj jiLjjjI ^ ja 
.^jjaJLl jjJjia jll jia-all JJ^SjJ (JjAjuiIS jjjll J 

Vaccum 

■ VaCCUm dissicatOrS £JjSu tliaj Aja.La.jll uLiLflia^ll j 

^l. lVtm U 4jJaiii« Sjl ja. <a.jJ Jc 1 'J*?-'^ ^JJ Jjjall fl^A ^ kj 

W cDLa. Ajjajll £ jj ^ dua. ( (jjjj ^ » * Y o ) 

AjSliill CjLalUll J ^JjLjll u jia-Jl jjiil jjJall ^ ^L^j ^LeL-.uo 

jIjJ liSj ujaJ j ilil jjja jjjSIIj ^LuS jjJI t> ^BjJ ^ j' *-J CJi 

.5 jUL Jo Ajjia^l AjjI jill 
j JjaJl £lxutf| ^liklutl Jc d4J9u t Liaj Jjb £ 

Infra red »l j— oaJl djaj a^Vi jl Ud* - ^"-j lsjU j 

•Micro wave ovens UbjjjSjJI jl Ji j tovens 

Ja. 4jj|jij| SjUII Jib J] SjljaJI Ajjlii Jft <j_>Ul sj* Uloj 

lilj ILL \o ^ . J] jj^li ^-jgjj ^ ^ ^l^ji 

JI AiUiVL. U , jj^ill Jll Ajiiijjll JJUjII ^ ^ 



jiusw (Jaj ZiLiJt Sbftlj^ Ljjauj i(J- U jj 1 ^ u'j&l ai— A J 

SjUI jUm cilliS 1^2 jljJl ^ jij sjUH pi^i ^» 

.plja.VI J^k 3^ ^ JJiaJU SjSliiJ! 

Jl AjjUI ^lillj JLjla jU AjjIaII ^1 ejUwx Q < % >j 



( fcl*, ijjlill £jj (-lla jll 2lUjJ,\ £jj ) 



■ ( ^Jj jj ) *i>M % 



^ • > * — - ysii jijji % 

Distillation methods jjM Jjla :bjtf 

4-jLlc. ^U. jjJaC UJLjlw kjliill S-iLJI Jaiij (Jjkll t>A_A j^-i j 

u . i rv QiLjii ji r n . ,n ^ji jui *-uii ^ut <> j&\ 

^IjILj _>uiU> jjc. (jj-s > m* JLxui j AajjUI i_ui all j jjxjj 

jjUlc, JUalJ (jJI SjljaJI 4a_P <J*^ U^S*fl ( jjjJaaill (jjj^ (j — S (_5_j__v2axll 
<-JjS*]l (jJJ ^cUau3 j A-uliill S.iUll (> V J 3jJ^»j5l (f^ * ' ) ^' 



A < 



Bidwell sterling moisture trap 

^ j jjUiSlI j>u iu^^l jjpjfc Jiic. y^a lie. US 
fte JJ ^ , *Ull ^> J <UilJ gjj.tfjl 

J! .JJfc li* JS uW J» *Ull Cl >i oy&S ^>J j_s 

US SjjL^i <i«u wiUc*. t^SUjj 
\,. ► — — ~ : -^ > u i> ij% 

Chemical methods J>ll 
^ ^ ) J 6 ^ 1 ^ <^<^ j* V*S ^ oS^ JftliUl 

jS*. JUL, ^liil! So^b j; ^11 ^.S 

.^liiJl J.iUll ^^jll JLj^UI ^«ull 

Oxidation reduction reaction J'fi&A } ^ioL_ii i 

Jo ^ Jcliili liA, Karl fischcr ^ J ; IS UtUjj 
J J jfc* ^ '-jJ 1 J i So-Si J&lii ^ JLuliili jjUll ki yLj 

A^ 



Jjl^ JjL^l! <^j£Jl Au^Sl ^ jit j ^jJI U'Si cm^j—hj 

.Fischer solution 

AiuiSi ^jlj j J jJl j^Jc c£iisu ci^li J jiliuJI <Jjk* ji^kluu LLe j 

^ii Jjk^ t> oSI jll jji2 ^ ^ SoLjjj JbUSU t ^JS J ^.Aa Jj-J^> 
CjIIjjjSjjS Jjla-. UAmIL illlij ( SaSljli JjjII luS jaiSj tfl ) 

j&& Jjia-<j jjKll J jJI aj** ( ls-J jj (Jclii ) 

U^iiJ iSjill j (, C ) jA cll£M *J_>^ JA M c*- 4 

: ^JL) US AjjsJI ^ 4j jiajl] <JjUI ^unill J.&J 
WW X e. X ( T r >r ) 
^ I » . 

- (^) UOj ijjtjB <uS .'. 

If x WY 



1... x ITVx V 



l! 

y = ^SjJU ^Jjt jll % .*. 

ill j iiuJi ^ j j 

C 5 H 5 NI 2 + C 3 H 5 NS0 2 + C 3 HjN + HiO C S H 5 NHI + C s H 5 NS0 3 
CjHjNSOa + CH3OH -> C 5 H 5 N (H) S0 4 . CH 3 

^jitVl J ^ij^ J ciib^Sl jj^I j&a ^> 

. iklLitj V <joiLua bfuj Ajojjj Ijjlj _>ij3 (Jj^S 43 jla J\j — «Jj 

.^ja^l Sic. Sjl 

t- ff_fta all jJJaSl Jj^ ^fJJ^* flWunl Sic ^gjiM Slc-I j-a cj — ajj 

yja. Ijja, liaJa ( i_J _jJaJl 3j-aU. ) ^LuliiJl tj—^Ja (,,< 7>,) 

^ ^ ^ jliJl tfjsJl fl jjil j d*^ ^ u?j -Y 

.^jlft J.^Vull gftull Ai^ j.^. (j^jj Lax jjuuS Jjlam 

(jjL ^jL Vi j ^UikWll CjI j^Vl cilia. t> jShll i.i ->j -r 



CA^ja £)±i (JcLsj «SjL}i» ti^" ^jls-Jl V*^ 1 ~° 

(JcUSlI li* t> ^JjJqj ij&j JLAwVI oAj jA}* Jj^ <J 

Jtlii tMjuJU jjb <uAJ ^oUJ j^lc ^Jjia-J A_jicVl -1 

^ jS»J jj&j J pLki-Vl 



Acid production reaction 4-ua>*», jrtfjj Js-lft -u» 

(J&Uj f.\ j=J JjS ^LuliiJI SJlUl 4jj*J 'UxJjlJl -Lb j-mJI JpSJ ^JJ U „Ur .j 
«U*aj-aaJl J-»3m« (jft J4JU ^gjll tjAj t^l^ll «U2ajA»J ulUi 1 *,) jA— i3j 

Smith and Bryant aajjLj UjjU oi* ^t^U & 

•method 

CH 3 COOH + H cl -+ H 2 0 + CH 3 CO cl ( 1 ) 

moisture + acetyl chloride — > acetic acid + hydrochloric acid 

(jixA^j (JjLuJ JAw JLuiI UuJuq AijjK JjluiVI Jja^ll Jcliui ilu_a. 

(2)CH 3 OH + CH 3 COcl^CH 3 COOH 3 + Hcl 

acetyl chloride -> methyl acetate + hydrochloric acid methanol + 

t> iiiiyjl 4jj=U ^ 4ujl£ JJ^JI t>a^. illUi&a CjLuS £ jJaJj 
.(iUi Axj ^1 jaJL (ili^Vl cj^^ LJJJ u^&ij 

^ (Jclib ^jjlS JiLjVI t> ^.Ij jli Jclilll li* (j— 9 j 

illxuul (j^iA-v <Jja gJJJ 4JjJa j (Jj-o JS . . . 
»*\uJ t,)^*^ ^1 ja. t ♦ gull f»l ja. ) A jjl (^i 



\A 

iijjaill ^ JliU/l ^w-a-JjiO " iii^^^la^ 4j*S .'. 

x ; ™ *UJ„U„M% .'. 

.Aj ^JaiaJull AjjiVl JjI jail 

Gas production reaction jiili gUSj JcU3 £ 

Calcium carbide + moisture > aanolyeiu* + calcium hytluxult* 

.Jcliill 

^uS tjLua, ( tJjiu«iVl ) acl uamII jl— ill 

(Ca (OH):, f ahISM Au-Sj>i»i) Jcliill ^Uli r 
attain asc ujL^ ^ <j jLjxllj ^ ,k. jz*** i>4«lL 
•f 1 J^W jjAji u j i j jliill 

1^1 j Lxil, Jcliill Jj .iU^ jbJ , pU J^ j Jc. 3 

! US ^jlajll ^jU^a. ^ -LjU ^ ^u-llSJl Au«S 3 ,> 

V£ 



AY 



Physical methods JjWl iU^Ij 

Physical »UU 3wnUl o^l MajU * JaL-*j 
<iwJLj hj^Ji lHj^ fi ^— * 3—3^=- j properties of water 

Dielectric methods ^jfSJl i^Qll &}> - 1 

4iixl] jjJjJbjll l5 JJa-JI JJ-^ f-> V""^ — — S <J jJa j— 11 UJ — uu j 
U jlaj V ^ JLjiibU *JjLjll LSjia-*Sl JH-&1 ^jUl o^A jiluaj j 

Electrical conductivity methods ^jf^l J^J^I lM** U"\& ~ * 

Kjj jJa jll <_S jlb-oll ^3 Jiut tfLu I4J <J jJa jll ^Uou i-i'Jlaa.V IxJJ ^ J^S jLu 

Ohm Low f J 0^ UijUl aiA l^Jc yjjAJl uAJjMj ^S/ 
A*alaJl S jail ajjLuus ^jg&II jtjill SjS y— lc t >ai-- : j (_yj> — II j 
.Resistance K*y*A Bleelro motive force 



AA 



Density method Ailuill ^aft _ r 
^yajjJl JjjJl ji Density SiliSll ^iii J& iuj^kli 8 i* a/, 

JljjluJi c^U-Jl cibj^uli Ju ^iiaili JJLuJJ Specific gravity 
Westphal JUL. 3 J > «JaJ # j , jSUuJi 4 , ■>]«)! j^u^i 
k& } \ Density hydrometer AiVi — SJi > 4 M ,jA»i ,1 balance 
jjSjS t> l^Ub U Jl i^io J***i*li asUSIi Jbpj ^ .Pycnometer 

.Aj^Jajll JUwj urtuiwl fiijfrto jjjS jill Jjf.^ "St—* jJl )l o^jj^uJ! 
AAljJa (JmSxj ^Jj t-uAvLx JSl l^jl ,1, ^ju^ ^^Ul 0 M jjMj 

gilttll J 4Vb L^j oj^l J Mll^li 5^L_*iS 

Refractometry jV*>^I - i 

jjtfi ol*j -oi Jl ^L-»VL , jL^iVI J-l~ j^, ^.U j Jiu 
c^b, jWl J U^JI .il^Jl ^ili 

.^Ju»Jl J <j jiajll 
A^UJI dl jlj^iJI Ju>j ^ J iuy^l ,1_A ^ „ riJ 

.fiaUJl CjUIU ^Ul JJL^Jl ^j^l JJ^I 

Freezing point method Ju^ill 4J& -o 

jjSS >3j Jljc (joiJ *U]I wiuJbl Ij) -ui JJ jjUyi j^-su 
i> ^ Uf^ 1 o- 1 ^ ^ J ' — •£ *j CLul^LJ ^ 

CU^i 5 j J ^ £ JJI Cili £J 



Al 



AJaaj i Vapor pressure csjtMi , bM ^1 j ^> <,i__Aj 
J=i_jJall j boiling point oLj-kll <-JajLj Freezing point ,uyi 
ai* ^ Lgl jjjsSj t> sjlikuVI o^uj tOsmotic pressure ^ j>*_uiVl 

JUaJiJl 4Jaij J&uj .(Jjia-oll ^ S^LJI i_iuej ooljiJl 

JjSj&J JafijJ Aa2kj]| -UaSJ ^1 ilya. ^iaAl 3j«»Utl q^\ j ^ | _^_jSl (J— a 

iljL-kjloJI .^V'lll Aiaij JJ-iSUJ AjMali Jjlis* (JJjla t j_ C j <■ aj j 

.^jL jll j3=wa]I AjjliiJI 

Polarimetric method Jjlall 

jjSjj C-jLua* (jSjU Jljlbj AjjSojall (J^I^aH ^ ^.YVlnTi si j 

Relative viscosity AjauuII ^ajjlil -V 
Infra red methods f Cuu AjuSfjM ^L)i> - A 

JJ^Siill hImi-v (Jjuau (ji Ajjjjall e^J tj^ij • L)J J^*^* LS — * 



iLuxil AjuuJa j £ jil liila 4j pa pi jj-iftl AomiLuJI <*j pall jLuaJ Slcl >o ^ 

.A^ljill 

•Lifutjll <jpapl ( jjl jflVl 4i>pa ,j — S j l i.i laall a j\ j^a. <C~a.jJ 

J^s-o ^ jitll ^ ujliwJl J-iC j ^. „ »>i y> pa J — H Jjli-Jol l^j « 

AjjxJI ^tjaui <a.Luba v. ipatHll <J—- «_) *J — Jxll j\ ) >„|l Jj > a £ll 

.^Ljjliijl 

• « jl ^aJl p. Vvii.il 

^la. pi i, li-y* , i l ^jja. jj jilt ^ j ^p. Aic- Aj Popl (JjUiai <j loiu ""0 

Ob jSLJl jx> 4pl& SjLuii ^jic Sjjoa^ll AoiliiJl CiliaxSl rr >— » $ *' V 
.Segregation of sugar s >Ua J^ia*} V ^ 

Jclij ^ ( <j>Ljlt jjfr ) AaJljiJl Ajjxll ijLi JsJjj f.*. il&l "A 

i^^a j» t5 ^ ^ul-juJI U, f^J ^j, ^l^S \ . 

. Ua^xJl 1J1 j pall ^ 



Carbohydrates 



4jjU«JI clAjA J&1 t> Carbohydrates £Aj±aj}j&\ jjj*j 

dil jjS Jbj jj^ ^ UjSJ CMSllj *jjI jJaJl j *j!jj]I ..nVl 

^ (^uLuoVl ^1 jAjAjjjSJI ^j* 11 j* j*** jfj*J ^ <^W" 

i jfc jll j cjUkloiJI cAjj Viscosity jUI - bulk f >•>) ! 
frUlL JaUijVI ^ s ja_U Stability to emulsions and foams 
Freeze thaw jV^VI j .will oUi Water holding capacity 
jll Flavour ^j-JI browning u-jA\ jjIj— SI stability 
Satiety ftil g-L^I desirable texture ujjc _>*j| ^IjSjI aroma 

■Sweetening ^sil 

OjJjSlI jJj* l^L LjjLwjS jJJ^ill <>_£*J CiljAjAjJj-Sllj 

iaoiuVl ^ luiU l^jukj ^3_j tTjl j^ja_jjj_11I j .hydrates of carbon 

CAi&jjZUi ^33 ySjl j^i (JjJ^ill <jUi J!sU t> *j_JLi]| 

.AjjjjuhII SiUall Jj=kj f.Lallj UJJjSH JJuiSil (^jlj jlo ^gj uojc (J— « 



4<ijl£Jj iTjlii jswS <jjLu!I ^ikjl (^fl Ji^ CjtjAiA jjjSII - \ 

tDNA AJjjill LpaL^Vl (j— i (JiA_j CjIjJljA 

.ATP Jx- ^Unil d.LSj^j ^Jl CliKSl ^ J RNA 

cjIju jSjkll j « Glycoproteins oliu jj 

iiiliS jJ dja ^ ^sjIjJj* jjjSII (5^51 oj— Glycolipiols 

j _jkJl jxxJall ^ y jiui* SAla-Jl l^l jjL Cjl jAiA jJjSlI -e 

.4jAcVl j^i 

jj^Ja jjll J^SVI AajJI ^jJc. ^ulu=JLj jJLuJI (JjJ 3 ^ ^l—fr _ ^ 

•Diabetes jSjjJI lP 1 j* o^j^ 

.£il jluJI SjJill £pAA\ 

Oligosacharids oIajjIu. jS ^Ulj cl>I jaia ^jjSJI 

I^jOmu ^LpU.S/1 CiLjUl dilJLxj Jaiijj ujjs. Polysacharids aja*JI j 

:^JliSI *bl**ll ^ US *U djlij> £ 
n C 6 H 12 0 6 (n-1 ) H 2 g C 6 „ Hi 0n+2 0 5n+ i 



.C n H 2n O n ^ *-»l*Jl Ajftull Uil^IIj t^jj^l 



Carbohydrates (sugars) 



Monosaccharides 
and their derivatives 



Oligosaccharides (number of 
monosaccharides from 2 to 10 
di-tri-tetrasa-ccharides, etc) 



Polysaccharides 
(number of mono- 
saccharides over 10) 



Mono-saccharides 



Trioses (C.3) 
Tetroses (C.4) 
Pentoses (C.5) 
Hexoses (C.6) 
Heptoses (C.7) 
Octoses (C.8) 
Nonoses (C.9) 
Dccoses(ClO) 



Derivatives of 
monosaccharides 



I-Iomorjoly saccharides 



I 

Uronic 

Acid 
(glucuronic, 
galacturonic, 

elc.) 



Hcteropoly- 
sacchnrides 
(hetcroglycans) 



T 



T 



Aroic Acids Aniino- 
sacenrides 

(glucaroic galactaroic (glucosamine, 
etc.) galactosaminc, 
etc.) 



Glycosides 

(nucleosides, 
Nucleotide 
Coenzymes, 
etc.) 



1 

Pliosoho- 
sncclnirides 
(glucose 6 
phosphate, fructose 
l.fidispliosplitilc, 
elc.) 



SAj^C. JjJ_jJJ__£ lllUSj 4 1 $j| ClAjAlHi jJJ_£l] t_ilj *J Ja_ 



M J-^J* jij^ ^M 1 ts^ (i^j Polyhydroxy carbonyl jja^JI 

«.bu»Vl <>> (j-aLaJ AJaauull tlAjjUl j -Sugai" Jail AJaX—juul! 



ol uLulljU jIoj Polysacharids chj^ &jj ^ a % . ;Ui 
^Lj^ vJSUij 1*1 ^LSj^l Dietary fibre V^^> 

W3 U£ 'Ketoses *£>yS Csbjlu.j aldoses ^aj_aa1I CjL,j1_u. 
^ neutral aJjUl, cljj^ ^ si^l 3j ,nl,H i a ualjjj 
tills iLjjelS ^ jilj tJaSa J^jjjjSj Ji^SjjajA y^U^ ^Je. AjjivJ 
'aminosugars J^Vl oljjUL ^wij q^Vi Jc. ^11 

jj^llj ^U^JI ujjSjsJI 3ujA j* ^ ^jjjpJl ^Ll^I c^IjjL, (j—Jij 
^ux»j]l ^jjua^VI CjLijS_ail Fischer projectin — ! U.< j_JJI 



in 



Carbohydrate 



Source 



Constttuent(s) 



Monosaccharides 
D-Glucose (Dextrose) 



D-Fructose 



Sugar alcohol 
Sorbitol (D-Glucitol) 

Disaccharldes 

Sucrose 



Lactose 

Maltose 

Higher oligosaccharides 
Maltooligosacchrides 

Raffmose 



Stachyose 



Polysaccharides 

Starch 



Food gums/hydrocolloids 
Algins 
Carboxymethylcelluloses 
Carrageenans 
Guar gum 
Gum arabic 

Hydroxypropylmethylcelluloses 

Locust bean gum 

Methylcelluloses 

Pectins 

Xanthan 

Cell-wall polysaccharides Naturally occurring 
Pectin (native) 
Cellulose 
Hemicelluloses 
B-Glucan 



Naturally occuring in honey, fruits, and fruit 
juices, Added as a component of corn 
(glucose) syrups and high-fructose com 
syrup. Produced during processing by 
hydrolysis (inversion) of sucrose. 
Naturally occurring in honey, fruits, and lVuit 
juices. Added as a component of high- 
fructose corn syrup. Produced during 
processing by hydrolysis (inversion) of 
sucrose. 

Added to food products, primarily as a 
humectant. 

Widely distributed in fruit and vegetable 
tissues and juices in varying amounts. Added 
sugar (crystalline and liquid) 
In milk and products derived from milk 

In malt. In varying amounts in various corn 
(glucose) syrups and maUodextrins 

In varying amounts in various corn (glucose) 
syrups and maltodcxlrins 
Small amounts in beans 



Small amounts in beans 



Wide-spread in cereal grains and tubers, 
Added to processed foods. 
Added as ingredients 



D-Glucosc 
D-Fructose 

D-Galactose 

D-Glucosc 

D-Glucoso 



D-Glucosc 

D-Glucosc 

D-Fructose 

D-Galactosc 

D-Glucose 

D-Fructose 

D-Galactosc 

D-Glucosc 



Appropriate Percent 



Carbohydrate 

Food (Wet weight basis) 

Cereals, bread, and pasta 

Com flakes 86 

Granola bars, low fat 79.82 

Granolabara 71-75 

Macaroni, dry, enriched 75 

Bread, white 50 

Dairy products 

Ice cream 22-27 

Yogurt, plain 4.7-6.9 

Milk, whole 4.7 

Fruits and vegetables 

Applesauce, canned, sweetened 20 

Grapes 16-17 

Apples, raw, with skin 15 

Potatoes, raw, with skin 12 

Orange juice 10-11 

Carrots, raw 10 

Broccoli, raw 5.2 

Tomato, tomato juice 4.2 

Meat, poultry, and fish 

Fish fillets, battered or breaded 17-19 

Bologna and other luncheon meals 4 

Chicken, broilers or fryers, breast meat 0 

Other 

Honey 75-82 

Milk chocolate 59 

Salad dressing, pourable, fat-free 10-34 

Salad dressing, pourable 3.3-22 

Soft drinks, caloric 1 1-12 

Iced tea, sweetened, bottled 7. 1-1 1 

Cream of mushroom soup, from 7.4 

condensed and canned 
Light beer 13 



USDA(1997) ijj-J 



Name 



Structure ( K'curri'nco 



DLwcharitles 
Oleobiose 
tlciiliohio.se 
Isonuillo.sc 

Lactose 
Lactulose 

Mulio.se 

Miiluilosc 

Mclihio.sc 
Ncolic.spcrido.se 

Neotreliiilo.se 

Nipero.se 

Palulinose 

Rutinose 
Saccharose 

Sophoro.se 
Tielmlo.se 

Trisaceharidts 
I'ucosidolttctosc 

Gcntiamwc 

Isnkesto.sc 

Kcsto.sc 



O-ll-lKllcp (I >4) IHiltp 
0-|J-n (ilc|Ml- >(i)D (ili-p 
(>•(«• l><ilep (1 ><>)D <»li'|» 

o-|l |itlalp-U >4) D(ilcp 
O |1 u Ciulp-t I >4) D I'iup 

(J-P-l)-(Jlcp.(l >4) D Cilcp 

0-«n-(lkp(l >4)I)l'iur 

ou n tilap (l >d) I) < ik-p 
()•(/.. i) Kimp-d >:.) ixticp 

O u t) Cilcp (1 >l)H (ik-p 
<j (mi c Hep (i >:i)-D(iicp 

O-u-u-tilcpd >6) DI-'iul 

().(M)Rhap"(l >(») IVCMcp 
0-|i iM<ruN2 >l) a I) Cilcp 

O-H-n-Cilcp (1 >2) l> cilcp 
(MMi-Clkp (1 )1) « |) (Hep 



C)-(X-»-Ricp(l >2) O H a (llap 
(1' *4)-I).Cllap 

()-(J-n Cllcp-(l »6) 0 ««l)(Hup 
(1- >2)'/M). I«"rur 

().(X-u-<llcp-(l >2)0// D l-'iuf 
(I >2)-/M)-I-iur 

o u»i) (ik'p.{i >i) i)n i) 1'iui 

(ft >2WMM'rul' 



liuililinp hlui k nl' cellulose 

tiki mules i.uiiyf>daliiii 

luuml in tmulici lit|iini 
tlmtit)' HlmnM" puulmlion 
lii mi siiiu It 

Milk 

t'lUIVl'IMIMI piOllUi'lol' 

Utusc 

liiiililiiu: hlmk ot'slauh. 
supr hect. lumey 

CtmveiMtm puulmi ol 
iiulinsc. linnet, hivi 
Cittjn Ivans 

tilstnsulcs iitaiiiiein, iicti 
lir.|H-iiiliin 

Ku|i I'Ui.ut 
[ l« *Ilr*> , I'm 
Miih'hi.il pintlim nl' 

SUCtlUIIIISC 

tilviKsitles lltt'spciuliill 

SlIJMl IxYl, MIJ.MI t itllC. 
spiiMil widely in plants 

I i)4ul it Ittn, rp\ fmifuiifo) 

SIHMK, illUSllllNUIIS 

Hiiiii.ui milk 

(irnlMii ihi/nme 

I'iihIiu i id siuvluiasc 
jt liuii nil s,iu liainsc as a 
siibstutr 

Sau'haiuM' subletted In 
>iMs| sauhause atlivity. 



Name 



Structure 



Occurrence 



Maltotriose 
Manninotriuse 
MelcziLosc 
Neokcstose 

Panose 

Raffinosc 

Umbcllifcrosc 

Tetrasaccharidcs 
Mallotclraose 



0-a-D-Glcp-(l-»4)-Q-«-Glap- 
(l-»4)-D-Glap 

0-a-D-Glcp-(l->6)-0- «-Glap- 
(l-»6)-D-GItip 

0-a-D-Glcp-( l-*3)-0-B-D-Fruf- 
(2->l)-fl-D-Glcp 

0-fl-D-Fucp-(2->6)-0-«-D-Fruf- 
(l-*2)-fl-D-Fruf 

O-a-D-Glcp-(l->6)-0-«-D-Glcp- 
(l-»4)-D-Glcp 

O-0M>Gulp-( 1 -»6)-0-«-D-Glcp- 
(l-»2)-fl-D-Fruf 

0-a-D-GaIp-(l-»2)-0-a-D-Glcp- 
(i-»2)-0-D-Fruf 



0-a-D-Glcp-( 1 --»4)-0-a-D-Glcp-( 1 
-»4)-0-«-D-Glcp-( l-»4)-D-Glcp 
Stachyosc 0-a-D-Galp-(l-»6)-0-«-D-Galp-(l 
->6)-0-«-D-Glcp-( J -»2)-5-D-Fruf 
Higher oligosaccharides 

Maltopcntaosc [0-<r-D-Glcp-( 1 -*4)] 2 -D-Glcp 
a-Schardlnger-'DeKltitt, Cyclohexaglucan (a, l-»4) 
P-Schardinger-Dcwiin, Cyclohcptuglucan (a, l-»4) 
Y-Schardlngcr-Dcxtnn, Cyclooctaglucan (a, l-»4) 



Degradation product of 
slarch, starch syrup 

Manna 



Manna, ncclar 

Product of saccharose 
action on saccharose as a 
substrate 

Degradation product of 
omylopcctin, honey 

Sugar beet, sugar cane, 
widely distributed in plums 

Unibellifcrasc roots 



Starch syrup 



Starch syrup 
Growtli of 
Bacillus macerans 



Ketopentoses 

CH 2 OH 
CO 
H-C - OH 
H-C - OH 
CH 2 OH 
D-ribulose 
(erythra-pentulose) 
Ketohxoses 
CH 2 OH 
CO 
H C - OH 
H-C- OH 
H - C - OH 
CH 2 OH 
D-psicose 
Aldostriose 



CH2OH 
CO 
H-C - OH 
CH 2 OH 
D-erythrolose 
(glycerotetrulose) 



CH 2 OH 

CO 
HO-C - H 
H C- Oil 

CH 2 OH 
D-tylulose 
(threo-pentulose) 



CH 2 OH 
CO 
HO-C - H 
H- C-OH 
■ C-OH 
CH 2 OH 
D-fructose 



H 



CH 2 OI-I 

CO 
H-C - OH 
HO-C - H 
H-C - OH 

CH 2 OH 

D-sarbose 



CHjOH 

CO 
HO-C - H 
HO -C - II 
H - C-OH 

CII 2 OH 

D-sarutose 



Aldotetroses 

CHO 
H C - OH 
H C- OH 
CH 2 OH 
D-erythrose 
Aldopentoses 
CHO 
H C - OH 
H C-OH 
H- C- OH 
CH 2 OH 
D-ribose 



CHO 
H-C OH 
CHjOH 
D-glyceraldehyde 



CHO 
HO C - II 
H - C OH 

CH 2 OH 
D-threose 



CHO 
HO C - H 
H - C OH 
H- C-OH 
CH 2 OH 
D-arabinose 



CHO 
H C-OH 
HO-C - H 
H - C - OH 
CH 2 OH 
D-xylose 



CHO 
HO-C - II 
HO C- H 
H-C - OH 
CHiOH 

D-lyxose 



Aldohexoses 














CHO 


CHO 


CHO 


CHO 


CHO 


CHO 


CHO 


CHO 


H-C -OH 


HO-C - II 


H- C- OH 


HO-C- II 


H C-OH 


HO-C - M 


h-c on 


HO-C - II 


H-C-OH 


H-C-OH 


HO-C - H 


HO-C- H 


H- C-OII 


H- C OH 


HO-C - 11 


HO-C -II 


H-C- OH 


H -C-OH 


H- C-OH 


H- C-OH 


HO-C- H 


HO-C- H 


HO-C II 


no c: - 11 


H-C- OH 


H -C-OH 


H- C-OH 


H- C-OH 


H - r - 


II- C-OM 


It - C 


II - c 










on 




OH 


Oil 


CH 2 OH 






CH 2 OH 


CH,OH 


CII,OH 


CIIjOH 


CJIiUH 




CHjOH 


CH,OH 












D-allose 


D-altrose 


D-glucose 


D-mannose 


D-gulosc 


D-idose 


D-galaclosc 


13-ialosu 



Hygroscopicity and solubility OiJ^J hiJ^JJ**^ &li*»ll - ^ 

jluJI s jlii isomers present CjI^jUSuII Sugar structure 

,^8 l^a. ilil^jSLui jaaJ jVI j ^UVl CA^jSJ «_s jA_j j .SugOT plltrity 
ilibjSiJI t-jjiS L«£ tljjbji ^ ^l$J — 1 *^ 1 ^ \ «j JJ ^ — *JI 

Optical rotation , Mutarotation ^ Q\ jjaJI - V 

cJ&lij tlUUi 2_wU-9 ^ic (^UVl jSLuJI ec? >. I jJ*> 

i> Aiillu ) Furanose Sj.^ ^ ^j^ 1 Jjp^jj W^-tH 

ljS i> *&Su ) Pyrnose ^\^> j\ ( Furan Cihjt& 
JLA— J JjU-^jj^ j-Aj ( Pnran oljjjj— Jl 

U)I -uLSull Ua ol-xpa. Oj^yj jj=^ ^ ^h-^" hemiacetal 

iJajoiS jjJja <c jxa^ ^ csi^ aj-jL«1I Jj K« l l (j — 2j 

& j tmutarotation — II s >Ui £ja_^j s j__aJ «^JI 

(jjjiaL jSjuJI (jiiLia Jujjuj tUjjS j5 <ji < «1* Vi jj— 

Olji 2L=oii ulaSWll e jxiJl _pjl cs— Ajj_JL«JjV jJI 

. jjSjLJI ^ mutarotation -J s>Ua (V) ^Sj JS-ill ^jjj 

Specific rotation [ a ] obj^ 1 J*^ 4 lj-^j 

y^U»3l ^l^iu,^ constant 




• •B-|l««efHI»(WM p 0 |M«(WMW 



. Jjijl^i ^ Mutorolnlion -J i( V ) ^ 



SjljaJl ^ ^jUaJI (jljj-ill Xaiuj . JWjjVjJU JjkJI <jljj.J 

Sensory properties ^IjaJI -f 

^jjaiII jjiU liu jiui Uiij Sweet .j-Ja. f ->„ cjli 1 — jJ Sj hUiJ 
Ju cjIjujIu. j^iljVI iilH-£ g- jV f^-jJa jj B D munnose 
jjjUl ^ i^Lik^ll jjla j—SilL? .Gentobioscs j£— 

jjilLall jjSjkJI t> Ja ) Starch syrup Uiull J jmj Sucrose 

CA\\-> a\\ Uiul liiLiA j .GlllCOSe jjSjkJj (Cil^jjijui jakJjIjjLallj 

ijjluJI diV j=^l tfructose jj&l _>ill tinvcrl sugar Jj^l jS—JI 
jjS ^laJl j j_£Sil dj^S cLactose jj±-£)UI tSugar alcohols 
SjX^. j sj_j2». jj ^ trjljjSjuJI * «ViV»j .fructose glucose syrup 

<UkjAJ 4jjUL*ib Sj^LsJI 0^!j 'JM^Jl ^«Jall Jj£j3 jl ^Slj — Sj 

*Ufuull SjiLaJl diLa.jJ ') f§j <Jj-^-H £^*3AJ *t?*J^ jjJ^J' SjX=». 

<t5 jliiJI gllJl JUI V*^ 1 O- 1 J*- 11 » 



^ . 1 



Sugnr/ 


Relative 




Relative 


suKiir alcohol 


sweetness 


Sugar alcohol 


M » i • v-i 1? 


iSilL'L'hill'OSL" 

» 1 tlV Si 1 lilt 1 ftIV 


101) 


] ) KUiiitiiitil 

4 * 1* Mil II II 11 *l 


Mi 


Ciulnctilnl 


•II 


1) M.mnnM- 


v> 


D-liiiL-losc 


114 


U.illitlnsr 


11 


D-Cialaetose 


M 


DKhuniiiosf 


.u 


D-GIulusc 


W 


I) Smbitnl 


M 


Invert sugar 


«J5 


Xjlitol 


1112 


Lactose 


.W 


I) Xylose 




Maltose 


4(i 







Reduction reactions JljUtfl -« 
NaBH 4 UuJ ^ aLULJI CiV >^SJl JJ =uiUVi ^jS-J J ) 'v- 

Jj^j jS_Jl iwy, itol ^ UiuL ulosc jl use 

jSiR* ja^j ^liill CjUjI^JI ^1 j_ Xylitol 

L .D , L altritol . D , l. inannitol . I) Ju ^jl— li 

A^jJ Oilifc] iilljj ^SliiJl ^.UaiiJl ^ CfllAu «tS ,„-, gludtOl 

J Softeners fc»L jl^j <k->u ^jUi .U_ii)i 

aw* jl^SjlliSj crystallization inhibitors j>laUUu lolj^ 



. .0 



QUO 




CHO 


H-C- OH 




OH-C- H 


OII-C- II 




OII-C- H 


u-c- on 




H-C OH 


ii-c - on 




ll-L. On 


cii 2 oii 




CH2OTI 


D-glucoso 

1 




D-munnoso 


▼ 

CHjOH 




CH3OH 


II-C-OH 


c=o 


OH-C- H 


OII-C- II 


OII-C- 11 


OH-C- H 


ll-C-OH < — 


— ii-c-on — 


► II-C OH 


ii-C-OH 


u-c -on 


H-C OH 


C'HjOII 


a«)H 


ClbOH 


D-Glucitol (sorbitol) 


D-Fructose 


D-Mannitol 



Oxidation reactions Saw&l ctftelij -0 

aldonic ^li*M Vj^ 1 l^^ 1 u4 aldoses dl jjJ&l ^tes 
Sj^I a^lsij * csjls jl *hUU Jawj *L U^Ijj acids 

g3U 4j£jj a- pyranose Sjj^l £>-J (3-pyranose 
ose ^UJ J^U (j^Aij .ct Lactone s^j* s^-sVl 

.onic acid ^Jaiulb 



CI10 COOl I 

H - C - Oil II C Oil 

HO C II UNO ,; OH (' II 

ho c h on c ii 

n c on ii r on 

ciiion coon 

Galactose Muck* aeiil 



thickening agents ^1 jttl jj^S J»l j& ji >— « »i gel forming 

.Pectins au&Jl 

. jSjuJI jauiSj A^jjj gal jjJI (_>qxj j ySi „ " i { iiLli ii ) - jS jlS jjJl}—*> 

jjS jj Jm ) JoUSil i_i jjla ami ujlaS j — «JI oi__A J j_J GtfL_ij j 

•(J^J^ 1 (> cjia (J " humuN JLij-J " V"'^ >• 

(jis (^AiA-alVl jUI j (jj^uSJl j&uJI ijju jAwill ^ Jcliall 1 04 

jtkui Oio <D ^ j j Ifj^i ^j^Sjj (jjjCuSJl jS J! 5 1U 

> 2- methylpyrrole v>Sj* jj*} 3 .^o^oA* 

.Ehrlich J^J >>> ^ <iASj iuj>D , ^uVi a**^ 1 



\ .v 



Caramclization XIajSS -V 

15S cr^jj) V ££*c.UG uLsIjjU! j fru 

Maillaril jj"^ ^X&lij 1 & j i^ji^jj-jisll i^jb£j_Jl 

uJsUJ 3 iyj CjUS^, s jj^u L-dki j ^xJ reactions 
.«UH i_ta=- ^ A*H Ctf^ ^-^j aJUj>SJ1 Uac. j ajjxo ! 

^j-> J*;£j CiLS j — « o^Sjl-j iUj-^, J_£ t(J 

Aijx-aj ?*la l+ij Jp^li ^ *L_aJ! ^-J ujj1_3 Caramelan 
^Le jjI jla jSj US s « JaSa *U1I uj LS __3li Caramelene 

Reaction wllh amino compounds **£juii\ CiLS j^i £4 JcliUl -A 

jjXu> dj^lclij N- glycosides - J ^jSi j^jixj 
.mm-en/.yiuatie browning reactions ^jjj XI! Cis^ ^^dii J 

Cjl.y lull Ji Ci\m> 9> -A\ aAij 3a^J CibjS—Jl J-jilfl ~ 

, <Ujj 0 jl jAl (jj^ 1 n"t)l 

. JU JaLio Aa. jj - 

^^.j^LA\ 4ju*-q Ju Brown pigments ^ oA-* 1 ^ v 1 » ^ ~^ 
i^ia. 3 jjtiiSl t> s jmm CjLjaS ^-Jc tjji-jj (j—jllj mclanoidins 
j PUI Cj^UG tUiii } .»U» J »_j,i£j, Jy>JI J ' tf» 
linking , -Jl Ji- ^o. ^1 jiSill uj3L>UJI j <uliiJI CjUauII J 



Jla i, '» , )» ■ 'A \ (jjill l^I j AjicVl >« j— jc. I $ j masting 

frying , c£Ll** ^ ^ ^ *aSI J j ySj ^ ^^w-u j /iU^ 

.roasting , baking 

Jjiu jjc. U*Ja Ljwi bitter substances s >J aU. ji -r 

.<j,AJ f»>^Jli j dU-Vi ^ US 

AjioVl CjUi ^ Jj£ J ^ aJUJI :Ul>*VI U^oli Cjli vIjLS^J -< 

.iCAwSlall jLuil] 4 , t i -alb 

Cysteine 0^-11 Ju *>.lJtfl ^h-UxVi a-Ju *»■> r , -o 

•methionine ju^LJij 

.mutagenic oh y£ o*A ^ >» j £s 
— II t^jO-* LJll cLS V. ^j.jill ^ActfLJ -V 

<jiwVl o^U^Vl ouj jjtJLu, ^jjj^ju deoxyosones 

^ ^UiSjJ <jicVl Llmi iStrccker c^UL 

>t5 iliiJI guUi! IjAA j <Luum j CjIajA J Aaui. Ciao ,1 UUJl 

ftstcrlfulion • >Al 
U«JI J^vi ^uUm ^ <,jUVl CjU jS-JI JbUSI 

J^k- ^ aj^i j^yi ^ jciii_js ^ju Acetylation 



(JjSwjJl CjLiIaC (ji <-a^o <Jsu»j CAjS tjjjjjimjjill (jX .a*, 

cjbjLJi cJjU jl cAjjSJI lii jiml o— Sajj .polysacharids 
djL_jjlui j^jVI ^1 B- cyclodcxtrin sjSj— • j foj 

is— J J^JJW* j£ *ij j^AJJj jjSjk "^lA-a-j £J_ui (j-^q 

tjjljLJ j?JI JSA J US «Uu*u SjX^ jjj non-hygroscopic 
Stabilizing oliwliiill Cuinl j) >«S ^liiil yL^ali p.^-u^j 
3JjU»1 j»I j^Sj uroma substances ^1 jJi oUS j*j vitamin agent 

Polysacharids SJyJxJI CiLjluiII 

(jli JLilUj s Glycoside linkages -W jjj lk*^ 1 ^ -™j 

^ » i>> J&\ t> jj£u polymers <^jI j*J jj <>■ SjUi a-ipd cjLijSwII 

homoglucans lf * u y5 4jjjS jj jS ^jUSM jSJ t> £jj cs^ 
<_s.sUVl jSJI t> ^jj i> J&l (jio tijlsu iuiiUi* j-jc. Oj-Sj Sj 
<_s.sU.Vl jSJI oi^-j jl US .heteroglucans (S ^& SjjjSjj s^jS 
cellulose jjUJI J* US Linear chain UjSW 31uL> JS^i ^ qjSs 
US branched chain <c j&« JudU JSoi ^ J amylose jjU_-Vl j 
j glycogen a*-* jSjLJIj amylopecttn !>-jSjjL.Vi ^— * 
J^vj (> ^aU! Ji^jJi SApJD <1jIjjSJ oj£2j .guaran 



(ja (JjjjXoiII UJjpSjj .{ill <iL>jallj 4-=>-jj Hi 4jl>L_j-sJI Lllli 

Jjja. jjLiLJI *JLa. jjfl U£ <uuUlJ yaiJl djlij jsJl ^-J I 3 



CH,OH 




B-cyclodextrin q^jIu^j jfy Ju.iII ^iLuli ^ jili : (a) Jii 



A^jjAjA JajljJ jjjS L^j V Jc ^ J\ All^L 

0^jSJ=J Starch Uill aj^VI ^ SApJl CibjluJI ^1 
chemicellulose JjU-u, cs — <Celullose jjLl ,.,<! .glycogen 
(j-JjJl tcyclodextrin 3 ,i «U1 I objjj-j^^l tpentosan tfj j} \.n 
g-^J 4 pectic substances ajjjjSjII <polydextrose jj jiu& 
modified Liill ^modified cellulose jj^l jjLUl tgums 

.fibers t-iUVl starch 



.CjU jUI j ^^iill uj jjaJU JLj*u5jll CjU j£J ^ (jillj 
■ (JjjA yuk . l l Jlq CjUI jjaJl ^ ^pLvVl illLjjfxuJl ^j*-* JsH** ~^ 

.^jfti jjkiii jl AoAjjjyi cj^ciiUJ ^IjVi s^ui jixj -r 

gelling jl >*S ^yjliiJl yiueull iJ ^.jl V*' ^ j >— « 
cjIjA* J thickness agents j»lj5 J 31*5 J ^—^ jl angents 
coating agent SJaxj i emulsion stabilizers , ..Jl 

( Chitin oAjSJI ) cU^iA\ ^ js^ji jl ( j^UJi ) oULiJi 
glucosaminoglycans CjUISjLI^ (j^ljjSjljJl cjLS -n 

Water binding substances *Ub Jojjjs jl saj^JI cjUjUl -V 



Area of application/food 



Sutiablc polysaccharides 



Stabilization of emulsions/suspensions in 
condensed milk and chocolate milk 

Stabilization of emulsions in coffee 
whlteners, low-fat margarines 

Stabilization of ice cream against ice crystal 
formation, melting, phase separation; 
improvement of consistency (smoothness) 

Water binding, improvement of consistency, 
yield increase of soft cheese, cream cheese, 
cheese preparations 

Thickening and gelation of milk in puddings 
made with and without heating, creams; 
improvement of consistency 

Water binding, stabilization of emulsions in 
meat products (comed beef, suasage) 

Jellies for meat, fish, and vegetable products Algin, carrageenan, agar 



Carrageenan, algin, pectin, 
carboxymethylcellulose 

Carrageenan 



Algin, carrageenan, agar, gum arabic, gum 
tragacanth, xanthan gum, guaran gum, locust 
bean flour, modified starches, 
carboxymethylcellulose, methylcellulose 

Carragenan, agar, gum tragacanth, karaya 
gum, guaran gum, locust bean flour, algin, 
carboxymethylcellulose 

Pectin, algin, carrageenan, guaran gum, 
locust bean flour, carboxymethylcellulose, 
modified starches 

Agar, karaya gum, guaran gum, locust bean 
flour 



Stabilization and thickneing, prevention of 
synaeresis, freeze-thaw staiblity of soups, 
sauces, salad dressing, mayonnaise, ketchup; 

-fat and low-starch 

products 

Stabilization of protein foam in beer, 
whipped cream, meringues, chocolate 
marshmallows 

Prevention of starch retrogradation in bread 
and cakes, water binding in dough 

Thickening and gelation of fruit pulp 
(confiture, jams, jellies, fruit pulp for ice 
cream and yoghurt) 

Gelation of jelly candies, jelly beans, glaze, 
icing, water-dessert jellies 

Sediment stabilization in fruit juices, 



Stabilization of powdery aroma emulsions, 
encapsulation of aroma substances 



Oum tragacanth, algin, karaya gum, xanthan 
gum, guaran gum, locust bean flour, 
carboxymethylcellulose, propylene glycol 
alginate, modified starches 

Algin, carrageenan, agar, gum arabic, karaya 
gum, xanthan gum 

Agar, guaran gum, locust bean flour, 
carrageenan, xanthan gum 

Peclin, algin 



Pectin, algin, carrageenan, agar, gum arabic, 
modified starches 

Algin, pectin, propylene glycol alginate, gum 
arabic, xanthan gum, guaran gum, 
methylcellulose 

Gum arabic, gum ghatti, xanthan gum. 



Belitz , Grosch (1999) : ja-kJI 



cJj^JI cjbjluol] Functional properties AjiJijJl ^=JI , u"\ * a -A 
Jio insoluble forms tjUjil! ^UAa &j^u<a ^ ^ ^ t L_^J 
^u-aj LSall Ju j> jLJl jl ^LJ *U ^ <il j—u) swelling power 

.jljaJl ^*u*<a tJU 4.r»ij>'ull till jjSjoll AajjIII 
(JA CliLljSjaJI oiifc S-ySjJ "S* jj SJJ.1jJI OIjjSjuJI L>°'.>^ *"' 

jSjj tjJtiij <=k,j_)ill ijAyx tilli ^ylc Jl!u j ^--AjjaJI oj$—l\ 
^jJo jjSjjII Ajjluila d^U-fl '^.yji AjjLLojj t jil ii^c 

JjIL^o J ^jaJl oj.^ 1 <!jUu* AJjS— u. ls ~J}A\ £l ^ — il 

tiili Ljjiil* (> Vjjl Jai ^e-j&JI lU3LJI ilili £a_j>JI CAjjSL- Jl 

>tJ Jc.i Luaowj 'U'jjJ (_,, la*J -LojSjuuiaII 

>Vl cjLjjSJl 

■^J U^J^ "MA* «^ (J^J J.! V> — ^SjJjSJlj 

^iil 3_JUi UjliijJl ^jSj 3 cpH II f3j i> cs^cla ji JiUi-* 

• V t> Jai jl jLuu pH (& j 



Starch Lilfl 

jlaJI jA 4j3 A Jjbill Sia. j]| (^iuIaI* j — «JjJ I — uiill j — Jojlj 

^ ^jJj tliUll ^ ibja-Jl ^JjljAiA jJjSJl S jj-juail j_A j d-glllCOSe 

jjLajj jiLuVi j c&iJl sai** Granules cjUu^. s jj — ^ w — lc ^uj — ikll 
aLAui ji jaJ jj jA j I amylose Jjij «Vl <j — * I — will uj'ft , jj 

j-o 4 — JAljjSjlaJl <Jajl jib 1$ i,riTj Jajj jp j_j£jlaj| CLjl.la*j (j* 4 <uSlui a 

l^ia JslCjj ^pllj ) amylopectin oj-jSjjIxqVi ( a- 1-4 £ JlJi 

CjIc j£ll JaAj Jaiijjj a-1-4 ^Ajjj^tkll jib jjS jkJl CLA^j 

.( a- 1-6 ^jAjjjlik. UuIjj 

Liull jA^iaJ Lsuj USiill f.,j jaJ qjUI jaJ jJI till Arm j JJc liijliS j 

. jjk,i %Vo Jc. Liill ^jlw Will Sjillj 
.ttbij Uill lojSjSj ^Iji (U) ^Sj Jj^JI ^ ^ 



Liill i^jUua. i_uSj3j o-olji. : 0 ^) (Jj- 1 ?' 



Source 


Shape' 


Dia- 


Cary- 


Gela- 


Swcel- 


Amyl 


ose 


Amylopcctin 






meter 


stalin- 


Tiniza 


Ing at 


Peic- 


Poly- 


Iodine 


Poly- 






(urn) 


ity(%) 


-tion 


95 o c i» 


eniage 


meris- 


bind- 


meri- 








temp. 




(%) c 


ation 


ing 


zation 










(°C) 






degree 


cons- 


degree 














tant 


• 


Cereal 




















Wheat 


LP 


2-38 


3(3 


53-G5 


21 


26-31 


2100 


0.21 


19-20 


Rye 


1 


12-40 




57-70 




28 








Barley 


1 


2-5 




56-62 




22-29 


1850 






Corn 


P 


5-25 




62-70 


24 


28 


940 


0.91 


25-26 


Amylomaize 




20-25 


67-87 




52-80 


1300 


0.11 


23 




P 




39 


63-72 


64 


0-1 






20-22 


Waxy 




















com 




















Oats 




5-15 




56-62 




27 


1300 




20 


Rice 


P 


3-8 


38 


61-78 


19 


14-32 




n so 




Waxy 








55-65 


56 


1 








rice 




















Millet 


p,s 


4-12 
























69-75 r 


22 s 










Sorghum 


PiS 


4-24 








"5 1 1A 
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Waxy sorghum 






68-74 


49 










Legumes 






















s,o 


17-31 




64-67 




32-34 


1800 


1.03 


23 


Horsebean 




















Smooth 


n(si) 


5-10 








33-35 


1300 


1.66 


26 


pea 




































Wrinkled 


n(c) 


30-40 








63-75 


1100 


0.91 


27 


pea 




















Roots and rubers 


















Potato 


c 


15- 


25 


58-66 




23 


3200 


0.5R 


24 






100 
















Cassava 


sem- 


5-35 


38 


52-64 




17 




1.06 






s,s 



















Belitz,Grosch(I999) II 
a: I = lenticular, p = polyhedral, s = spherical, o = oval, n = kidney-sharped, el = elliptical, si 

= simple, c = compound, 
b: Weight of swollen starch, based on its dry weight; loss of soluble polysaccharides is 

considered. 

c: Based on the cum of amylose and amylopcctin. 
d: mg iodine/100 mg starch. 

e: Cleavage degree of polymerization, determined by degradation of branches with pullulanse 

or isomylasc. 
f: Tapioca, 
g: Millet, 
h: Pea. 



jjjxi (jill j Rclrogradat 

^kSlI ^L»J AjJuill g-l ^V 1 CT 5 ) U 1 ^ l&ll *I**J o^-JaJ 

Staling jfil eta s >Ui J J) '»J^V >^ > J*wJi 

jiiJl ,^1 .ikSlI dljiv JaAj Au^ill J I — <& t4 .^VmII S J j__aJ 

^likll gjunill ^ JUsi4M*ll CjU j&JI fjbl t> Ludll 
^Jii^j tkickening agents fi jSU «uA« jI ^ j binding it^l j 
Sauce JjI £11 ^ u>U 3 Soups j — *ll s Pudding ^ji-J ^tL_iJ 
j^c-j mayonnaise jt^Ull unianl diets 3 jUJUVl CjU^jj 
^qJolIuwJI cjlj^jjiill j»Ai Cora starch s >di Uij .^i 

la* tSo^bU J1L jjlutfb ^LJSaII a_LLm ji l—cS tl^l 

l^ljiiuti (jlw ainylose films ^ jli cjliula J AiLja^W 

•thickener ^1 sJU ji Stabilizer ^jia«y 



Starch 



Utilization 



Unmodified waxy starch (also 
in blend with normal starch 
and flours) 

Pregelatinized waxy starch or 
isolated amylopectin 

Thin boiling waxy starch 
Cross-linked waxy starch 



Waxy starch, hydroxypropyl 
ether 

Waxy starch, carboxymethyl 
ether 

Waxy starch acetic acid ester 

Waxy starch succinic- and 
adipic acid esters 

Waxy starch sulfuric acid ester 



Salad deressing, sterilized canned 
and frozen food, soups, broth, puffed 
cereals, and snack food 

Baked products, paste (pale) fillings, 
sterilized bread, salad dressing, 
pudding mixtures 

Protective food coatings 

Paste fillings, white and brown 
sauces, broth, sterilized or frozen 
canned fruit, puddings, salad 
dressing, soups, sprcadablc cream 
products for sandwiches, infant food 

Sterilized and frozen canned food 

Emulsion stabilizer 

Sterilized and frozen canned food, 
infant food 

Sterilized and frozen canned food, 
aroma encapsulation 

Thickening agent, emulsion 
stabilizer, ulcer treatment (pepsin 
inhibitor) 



Belitz , Grosch (1999) 11 



Modified starch LiHi 

. J_)2»-«3l LiilU 4jb*-a]! Jjjljill (jALiUj 

Mechanically damaged strach Liuliu jjxaA Uiii - \ 
(jiaiajuj j jUll pUli ^ Swellabilily £lfcfiU ajLUIIj dispcrsibility 

Jjk2il 4jLiU]| Jbjij CiUjJ ^ • O Ja-juu 4j_jlaJl 'ijlj—a. 4— a-j-i 
uSUiS jji&i j jjSj oLall (j-aU<aa<>l Jj*-« jjji £ jill life LSj jjic. 

Extruded strach JjV" LAM - Y 

AjLli <J^juij ^tjLiil LSlill jjaIjj (AjjLuljS CjIjjxj ClUajj j_jk«Vl e-LfJ^ 
jj|HL«jjujjl jjilLJI OLijSaji O^a-J ^ , \r, — 11 I — & p\ jjL-aJ 

Dextrins ^Llj>*Sdll -r 
j^i liiii j % ^ o ^ Jal aj >La j (jk- ^ ^b-Jl Liill j mi"i .Vi, & 

I .aJUUaII uijjii (jio bLoj&l LiiJJ Jkj ^1 (jjjj uiili L)L_i 

Fat uj*-^ «JSI^jS jl adhesive ciLj^LJ A^JjU s^L— ^ ^^ijl 

.substitutes 



Pregelatinized starch AJ%]| ^U* UUi -t 

^ i i '-j i(jii-uijJ! .Aic. Jaa* ji A n -\C - tjj^Jj e.LftJta AjjiiS <kc-_yjii J^fAlJ 

V 4^11 ^iiVl <-iuil IjI Binding —II 'Thickening Jl cAL* 

JLiiaVl Ajjci jj^aJ ,^3 Jja-all LiiSl ^.^Vwiijj tgtiijill Jj a 1 g j ^ L, 

Thin boiling starch L2u -o 

(jiaiiis (Jjla-all (j1«-a5I eLoll ^ (l)LijiU t^Jl (jj^J _5 ^ 

UB Sj_^Lb J L^S cJ—oU^lt 1 A\h 4_jJiAj SL^j j_Jll 
A'jUj jIjxS Liill ^ li* ^.^Vi».Mj t^iikj (jj— S retrogradation 
.protective films aJI j :>l j*Sj Thickeners 

Starch ethers LA2JI Cii Jul 

ethylene Ai^iSl (jliyl ^. Liill 13k* j> % £ . Y . Jcliij UAk. 
jjj jB J^j propylene oxid ^-Si uJjjjj-j J oxide 
oi&k J jAji ^ jjjja ^iSLk ^jSn 1 r n p h 11 

J^L-VI ^ f&tSB cK-S-Jj Jajjj_j t,—^ jj^ 

(jLijill j SAg. ^U2il oaljij £ jill I j* ji^j . JpUBll 

gubll Liill ^Lfi t> ajJj A_nLJl SJ j*. Ujj (jiliiul J I <£ t<±J\c 

(J thickener <iLkj jI^-S LSull i> £ jill 11a . .^•..■ J j t j y _^ ? JiJI *L»_ji 
^» Liili jftUa J L«£ .^uLulb *u*Ji ajLuJi aj^dVIj s^jj^ii a ; V-Vi 

^» is^JiJ^ OiJ& (Ji LS*$i LS jiS i*-J A AlJ <4M JJ_3— & j3 

jIj*Sj thickener kUS ij-S f ^iuyj Carboxymethyl starch Lis 

.gel forming agents <J*=^ *i jS* 



Starch esters cAJiU -V 

OUuji jjj-> jXui gcjoi ^ Vo It* <=»._>} (_5 _^__lail <JL»li — wjSjjJJ 

.USull 

^iJ _jjjS UjAjuu dilj ^ijAJlJI (ji.Laa.bU L&ll CjI jiu.1 (jlw l—*S 
, 1 g ->M J jl SjaJI <Lii4jJl ^jbLoawVl £«« Luojll jj^ i >ni tillij 

^ thickener ai£uj Vihaii ^1^*5 Luiil ciiljluil ^jaiLuiij 

(SJjoaJI ^ji&VI <£tj<3_£^ t<LoL-a]l ip\ xirtll (JJaXuw ( j — jULaJI tlllao — La 
^jSI j Silij, j| j^S ^■V'lun tbjl J — a. 4 — UUaII A j JauJl ^L-ji&Vl 

.^ito-JI AjitVl protective coating 
Cross Linked Starch -Mxto jjM Uiiil -A 

AiLiS jAl ja. (Jfrliollj Luull (y* lift LJ Jic. JjA-aaJ „ , 5v , oj 

jjjISjjI jl jjiuijil AjjjK jl Cjliuiji ULlo l$I jj fjtf^} — »-<a cJj — « 

liljij . JjKuSjjjS (_jb fjiabwJ ^ AJjAW-^' (j« Jbjla-a ji QjjJy — * 

elij^a, (jjj AJ jliaJI (JcLiall lift t£«i)Jj ^&Luw <_UU£ t£ jl$ A^J (j — * 
<a.jjl]l jjic (ilaj^l ^jIjJUj 4jLiillallj iijfkaJl LSjJl djlj — jjaJ t^j — ao 

.Ail** Shear force a** j t**-"^' Ja^jll ^ 

Oxidized Starch Sju-s 1 ^ jj^l LU1I -1 

AjIc Jx^Mklall j .VnUll ojj* ,> L$ £ J ja» j.i ^j—lc. 

Jia.Xj LaS t JjS _jla. S.ia.j 0 « Y** JSJ (JajoiSjJjS <C-jAa-« (jJc (^joa-l 

sjUS f.Jia-u US mayoimaise j^j jjU3I SaJad dressing UiiUll 

.Emulsion stabilizer cjbkiuwJl ajjJu 

m 



Cellulose j^LUl 




Cellulose j^iUJ JAiA\ vySjtil : (w) J&i 



^Ijii Jllj ^uUll LjXLlI jj=J ^UVI Oj^I > JjIjUI j£u 

S^l c^Iajj^I ^ ^ jjljUl <jli ^yi J ts - a ^JI jU=J ^ 
Jo JiaUu ^Ij A^lio uiUl£ ^1 ^ 0j £ ^jiVl 

o-^jj <B 1 -> 4 ^jI j_j p- glucopyranosyl 

4hx* Jo AjjjIWI 5-4^ »IL^ J| L_a* ... 

LSJjj US eUl (j-L^UV Sj^S Cili jjSj AjjjIUI ^Ul-, J\j 

1>»*J JJ j jljlml l (Jj]La^4 i in <U__LnC 

CjIjI>mJ| Ju jfc, ^_^]| lMsI J ii^iLjj 

Sjsj plasticity ^ILJ J^j Toughness k >A±JI sjLjJ JJ 
M&^lj Jj>JI ujjJI tL-£jV , J- Ja J -swelling power ^liLJVl 



JLc\\ Lj^iull SpliS SjUj j u_5aij fj>-£ j Salad dressing 

^'ln'i l"l\ y\ iaall oJkA j t jj\) Jl 'i (JAw ( _ s JuiS jJjS j ■ Jj— Jjl (Jj—JXa 

IjjL=u gtojjj dAjLill ^ jLSujVI j : 0j "■Kj^ 

<iudLo. ^ JjjuiS jjjSII Jajjjs US arabiium , D- galaclan a— « 

dulj t Jjj<LJlj .AjJLoiI "UajljJ JAla ^u K * £-« liSjjj jjS!5bJI (jrt, a~\ 
ijA 4 AJLaJl tjJjlji O^^l ^.\A>*»iiJ j £ V AaJa^wJl ^Sj (J* a 

tj* AjjiiUklo jjc. CliLiSjA t> Ja jta»Vl jfi*-) ! J^Vl ~ Y 

3,6 anhydro a V"^ 1 oL£j*ll j iAjiJI ciiUjS__uJI 

jjc. «dj >-j4j j galactopyranosc , \] D- galactopyranose 
JjjIjjVI ^jjj (jUjiU JjlS cJtjbJl p.U11 ^ (jUjUl d~J& 



j p-D- mannuronic jim j <> sjSjL :iiLLa&l -V 
JmMu: ji >uJjj cjliiaJ^lj 1 ► 4 Jajj-j ct-L-gnluronic 

(IAjjsJ Jjlik (jJ^JjjJ jA ilAii^bU (JjISLJIJI Qxj tCiLijaJVl Cs — i 

.^SUll jjLuac. ^gi Sjcjll oliij Q:-^"' jjic (Jxjijj A£!jj]| 
t> j_a« Jaj-Si-* (j-j^j :Carrageenans iili_ J U.ljl£ll -t 

JjVl Sjjj-JI uj^j ^ carrageenan Sjj_j-allj a carrageenan 
XixAi tijliL) jiuilj jj&U. jjAi^jl t.V c D- galactose Ja jli^ 
t> jb>l jl£Jl ^jls^ Sobjj P UH ^ oWjill 4jLUjI jIjJSj .V :o \\ 

Ji^aaklall 4j>jjlJI .LtiaJj « j jjf^lak j jjj^jl qa Ul_£a-a (jialiajlj djliiuiSl 
^?\J J lAj^ 1 UJJ^ 1 lA^ 1 J^ 1 (J*1j& S^c (j—lc Isj-Jc 

^ ^ tSlii i_ia Jljj ^1 iill yiuJll ^4 qIj »j ? ljl£M 

Gum arabic -0 

f jauJl£]| Cjli^ji ^ ^jl^ Ju* i LfcJ a (ji^U J JjU'i a 



<J (JjwaS jj^-^l ClUal* (jfl Ajow S^LaSj ^_)~J Ajjj—C 

Carbohydrates analysis ^Ij^jjjUI Jaka 

.Extraction ^l^i^VI 
■Reaction and determination jpfcllj JbUsB -t 
Calculation m^**- 

dil jjja jjjSII <jc.^ Jin <J jxull jjiuj Qualitative analysis 

jjj'j^ tjr* J* j D-saeeharidc £ jiJI ji L- saccharides u— • 
jjjSjj aj^s Quantitative analysis JJ^W 

.UaSj LL-aj U.lpSkJ 

HI 



Sample preparation and carbohydrates extraction 

£jj jjift <Lul jAlAjJjill «il jaII JJ-iSil illlilsJI j_J^aJ JUj «J 

. jj^Sill ^ ^L^ll jI^J oifc JilJfi ^1 lilliS WUI U j^L^a ^ 

IflU J JjaII ^^j^aMaiuil ■ _ >->j AjjxJl t *tis>") ^ *Jj tl^J 3 CjS — JjJajJl 

qa Ja ji jlui^A ji J— Ail ?J^JJ—*1 ) <JJ — S-y^ — * pl*^ — ""W 

%A« J_jjlljl Jjla-Q ^JajuiljJ A^jmvll ilA jJjAjjjSil (j*a!l=JLJ ^jjj 

%A » Jjla-o ^LiaLj tjAjlaJjuiVI fllj t^ifcdta Qj — Sj >S — 3 ^ — ill 
,Ja AjLjJ ^jaj ^Sj t^L fUa. ^ tijluw (Jjj^ J Ai}*Jl JI JjjIjjI 

lU&j (_jjLuu» (jjjJ J jtiil jll ^g^jj dlw^jjui jl^a. ^hVimb <JjI — «aj 

.<_ldj)l ^U^loJJ £*AjJ (Jj^l -UlaJl J ^ s J_p^II ^JauiljJ f 

(jlc cS^ 1 ^ tlll_jJLlA jJjSll Jja^ll (j^lVl ' 1 noil ji £C — uul jll ia — a.^Jj 

tOUj^ll rjbji!] <LUJI Ajjj»-a3l jj-alkJI JU cSj^-Vl i^jLjjSJI 

yjui« cjiiijSai.^jVi j ^ujuvi ciji^jSJii ij&j .^jaJi ojj 11 

(j^iU"ill (jSa) Jll j-all o^A jla <ijaa*» lAa 1^1 ^fvLuaJl J)l jxll Uiu 

•Ionexchange (jjjjVl JjUiIIj J^l jjkj U^Iju^I j l^io 



(jjWb ^J^JI ^ Jj£ J3 jpll Aj^UoaU Jl j^ll (jia-JU 

CliUpLUi LiJ ^liAj .Ajj n^jV jail t3j_UI (JaU J Jj k Ml 

js (jHI cjlijj j_>j1I Ju Ajjjill lilbA i£lli_£ t Specific rotaition 

J L«S 4<ljai-ftJl Clt5LcLii]l tj_>lp ^5! jjwlajll JuwSl i-lJj gjjSj t3i—«J 
.Ajjjjll (jjJall <j* jl _^aJl Aj.uiL.u-v JjSl A u U>^ll (JjUl 

jIj^ l«JUa j Clarifying agents (jjjjill <J*l j& fl-ssaj j M jjua jjjSII 
t^ill alumina cream b> jlVl ^jS Ju (jjjjjj <_Ul.j*£ pjiiuij s>-j!i£ 

(> oakjlJ ^^iiau cs — ill neutral lead acetate aJjM Ml ,jj — uaj! 
oUnSJIj aj j . ™ , l l (jisL-AsxS/l o— «j tannic acid jo 
fjij ^l Basic lead acetate Aj.ie.tfll ^L^l cj^U. j cAj j-JMXi j 

t_lfuu LjjSIj Aj_jLd! jIjaII (j^alxaojb pjift Lo£ c\j Jjuijjj dlbjjiJI £J*>JJ 

Jc jjjhJI Jlalbj Ajjii^Jl cjIjjS^II ^ Jj UMI aj^Js 

Dry A\iUJ AjjclSl! jB cj^U. j iCijjUl 6^1 ^ jl jja_ll 
u-akiuuJI ^l (jja^ ijjj-a ^ uil — jai tj—Aj basic lead acetate 
US AlsUiJ (j-L-o Jl CiiU yj] <i jUUIU Ajkla j5Sl o>-^j cS>— II 

(>i J^.>»->J (j'<£\ ii!lJ jil JjjUui (jJJJJSk, Ju ^5 (JJjJj (J-aljc J 

activated charcoal J*ii«ll ^aill «ilUA d3i51 .a^ Jijjj J^U j_a j 
Qualitative a> jill Cj^kjJI JaSa ^.i^-i nj JL_»i J_^L& j^a 3 



\ YA 



JjWb iiLjSJ jjjSS ^ o^L^JI c iUI Ji|j&_] I ^_J^j analysis 
f jjuJjjj c^VUSi ^Lib o^U^i jll ^ (j^kUl t) , ?J 4iH 



n Sol 



t-iliS ^Ij JjL^ ^ J^ia ^Ijll t^aLua jll ,11 „,JS1 f J 

Jjbll ^Jft jLLJI *U1L SJaj^J CjUjSaJ ^S*JJ 

*U1I (> ^ Sjila^ll AjjIiiJl jjx, ^Jj UH^j ^ ^LJ) J 

jSJ t> ^Sjkll JjS Jill Aiw <_sa_£j ) ^ ^ j us, i i 

c> u-»^ f j^tijJI ctfUuSl AiUalj ^jill ^Ji au_=J| ^ j_J 

C—y lk^^VI J l£1 j ^hj uuj ai a ... m 

■Alkali djLujjVI y &j 

<Uli Uijjjall 0 Cj=uj ( <JU1| SjI jsj CjU.j.Ij ^jSII 
J -^J Jj^J <*U £ jj JcUaj i^j tlj^UjJl 

j$ Furan derivatives (jl j_«ill ci&k 0j Ss jSjJ ^L^JI 

i-sjSjj Uil US ,1,^ CLSj* 0j SSl tf >1 j<U 

a-naphtol 4£sU lillj <Phenol JjLill Jl_ :L_Lijill obSj-J ^ 
•u*jjV ^ £A£jA cjfiSs ^iS Orcinol Jj^jjVIj 

US ( ^pUl ObjS. ^ sjS>a i, J ^ 

^ ujSy US t 4ll5j 3-L-a±vjj SjaljL, 4iLSSll jaI^I ^jjiJl 



%\ LSjji AiijUl ^ j ^j^s. jjjxj j <jj] JaLsa-Jl 

j AiV c> ^ <>L& ,>« Standard curve ^Ua 

Cjl jjSjjll ijjSj J'ivvj jSj-« iiLjjjj£ (jlrtAaw (ji Jjijiil A-« ^j-— uiLiS 

jIjaII c j fly alt 4ju*jl j^J^ ^ j jSjIaJI J jla * (J— « A^^aa— iut<Jl 

^ (j-mLiaJl CL)I jj CLulS lil Ajl iiuOLlj il^jS jSLuill jj^JJ (J^L}9 

t *<jtV\S I frl_»J .ojin „«ti AiixJl ^ji ,va,$lail j^»J*N U* LS ^ cS^ 1 — * 

.L-JjuiliaJl 

^LuuSi <auji V^J-^-WJ^' J^-^ <Ulsdl — LJI ( -v uriSj 

Physical mclliocls ^j*^ 1 cajLJI - > 

Densitomelric methods yu&i j*jb I 

Optical methods ' ^ 

Chromatographic methods M'^^jjSIi t3>u ~e 

Chemical methods ^W*^ 1 tij^ 1 ~ Y 

Reducing methods *Ji >i"i/i j>ii I 

Colorimctric methods J-^ 1 

Enzymatic methods ^}JpV ~f 

Microbiological methods oj^I _ * 

iJjjajj Bourne a^»jj j^jj ^^j- 5 ^) dWj — 3 Jjj — ^ — ij 
liiSij Balling <jilU J Brix u-SjJI j\£jj t> WIAj ^ J ) * j-^Vl 

.^J jSjJI (J jLall (ji (_J jl« j 6 jja jj£ JJ tjO JJ*J 



Mo 

J-l« Sol J t>J >&VI Q/l J ^ JWUj ^U,J 

j> SjJLu ^jUl JjSjSJI SpIJ o^j jl ^jUl J_^]| j_aSj5 

«Ji*Jl i> [ a ] Optical rotation ^ jsll ^1 j ja-H ^UJj 

a 100 a 100 

[a] = = 

LC LPd 

U JjL, VjJ *«3£ <U tfjfl JjkJ jljjj^jji j ^ adij^ 
JjkJl <> ^ ^. . js] SJ ui t> ^ (P) ^ ( d) 

JU^ ^ f ^uj c JWp (L) Ifljl, 4j_j^__il ^ ( c ) J-jSjUI J 

jS«1I J J6 Ahjsto ^ ^5 j .Polarimeter ^-^jjVjJI 

(D) >jL 1*1 >jjj Dextro djjd ^ l^L? ajjUI sjUI 

.(-) ^UjUJI jl (L) >jL Vfrl >j;jj Laevo oUj^' ^jLuy ^JUl 



in 



Chromatographic methods <A\ j».jjU 3 j£JI <jj-J=JI u" \ . vi j 

-Paper chromatography (PC) ^j>ll ^^jpUjjSlI J^aill -1 
.Thin layer chromatography (TLC) 

^ j/tfl Jliilb J\ js>jUjJ&\ cUall -r 
.Ion exchange chromatography (IKC) 

•Gas liquid chromatography (GLC) 

• High perlbrmanco liquid chromatography (IIPLC 1 ) 

L_ulljuii duJl*tlml i4jjjuiJI 3j» rA^W J — *iu u — si ja. jjL« 3 jSlI (jjj— l! 

j&U-oil j descending JsuUJI ^.Uij — I! i*lb\_$i t^bj — Jl LS _J aIK 
JjL-aall j^Jii j3j radial ^x-U — horizontal t^— SaVij ascending 

^AskAuuj (JUaji CAjjSuaII (J^oi £ub\i Jajl — jJI (jLjj — "Jl fUxi — i 
UJJxill ^JJj ( (J - aill AaloP ^ ^^JuiLlS ^-aL_^aS "U^bS ClUj^ Ar-j — aam 

^uS jl ( jjSji=JI (jbjxd <Uu»j]b dpuaixW 1_sSjaII (jlj.>ui < Lu ,,i u) 

. ( vyXall ^Ll^uJ ^ .lui 'lib Jji «*>,4nll *_jS^I tjbjjiii -UuU (jJJiJ yAj ) R|." 

CjbjluJI ^ UbiSU *i&kJl ^blSJl >l j?Jl nil j 

jaI jaJI oii. <>j dipping >«JI vSpraying lkjJI tUij 



Ja Jla ; ^J*-« ^ J— *l J2>. — u»l_jJ ^l^J— *alS/l J AJ__jjl}£Jl 

Jjjttjl ^ 4,3diphenyl 3-P- styryl phenylterazolium chloride 

cllL)i*]l ^Jail Ujj t iY\ Vi Rp jl Ro fO_J j^J — 9 J— SiL j., j . \> j 

(jiuojJl Jjlaull (jjajki (^Jjll ^jil J9>. jjLajjSil cj — <-0^ f»-i=0 uUj 

u^oj (Jji=J <jH"U fcSlli UJ^} S-^J* ^ jj t -*J*^'j W R|«" 

jU TLC Uji J ^1 js. _£Ujj£]l cWl <_JU ^ j 

^ulci ^ Silica gel Jja.l£jLJl <> <UJj Vi.\U ^Jc ^ J.^ill 3j..,Ur. 

iul^ilj o j£ jaJI jjiUafcVl JAibJ Aj> jUL» ,ji»J \X-A j 4 J >la.J 

Ji-aiJl 4uLo j^jj Jjuaall <i}jiaJ Ajjli* SJ^xlo 5il j_aI^x 

tlkj" ) iAjjII Jk-a^l ^ L«S ujJLuVi j ^Jiil! oiij ^iyajll <i\U\\ is -Jc 
.( ,^£11 J^kSJI <1U ^ijiS! JtflKll ^La i^^idl ^USjJI 

J Jilj ^JjVl JjUll cljUaSl j ^ JtUSll . *n>'n iliA CjI j j 4iw ^ 
^J J J j^jtfl <^J^ CJ JJJ (JU-JU* ...l .*» ^ iu JJ I 

Dowex so Wx2 (Li + form) ^ jblS JjU* .l.v^-....1 j ^lillj ^LfiJlj Aj.sLa.Vl 

JJ Vji Jj*2 objixJl a la lilj Volatile SjUL l^Loa i j-JI CjLiS jA\ 



jAll JjIui J£l« Cjl&u* J J^j .ialj .Lljl ja. Ajjljj SjLJa (JjISjAo 

dUSjx l^jl us ^jiJi i ^^ja Tri methyl sliyl ether (TMS) 

^jAj 1 j acetates o^LsJ cjl&i* jS^j lillii tJ j,^v'ill « 

Jjkjll ^ aju-I^ <j j£ TMS uli b Ucj methyl ether Jj 
Jc peak (jJaw tSLin o^-^ W»l b-*£ J ubil a.j^j 

UJ^J "SA^ J £**J J^ 1 C^auLa jl jilj t jSu (JSJ pl jiLajjUl 

csj^j Oximes ciilAijUt oU^uS jV Silylatoion JjLJI 

.Ajjx, jjVI cjl^LiuJl peaks ob^iJI .xsri aJIou iJiill 

Chemical methods ^jUajISI jjkll 

Reduction methods Mj&VI cJ>jI 

0 jlA Juj JUj 

likiijj jll jl O.^o jJI jl ^Jaill jl 4u*UjJl CjU jjI (jJo eg jl aj u jJl 

s jjx-a J jl Sub Oxide s jjj-a ^ Uj jj^S/I uijbj t^—j^il 

^ ■■ ■Uil l CLibSjA ^Asaxjjj ^111 tilii ^ JjUl ai* jfr.il j jA^joall 

.^jia jaaJ i_iuilj Sj jiij J jjuiUi-i 
: L>J c 'J i ijl ^l""^'^ U-d Jj^ (JjJa (jiaJj 

Gravimetric method kjjj Jjla i 

<1 jS^-aII (JIAjjSjuJI Jjla^ (j* yja-a (Jclii ^JJ (JjlJI oJA Jj 
(jjjia j-sa.1 luil J jjSjJj (_S jliill > ;*ljmUll l tjjJ.1 Jjk^> (Jjjm jAi £-* 
i_JlJ jll lU-»9 ^uj t( Y ) SAia-o bXcl j fljiynrtll ui jjli 
(JjJ AiiXajl JaJjS 4 > «rtl>, Jjl«lSk. j-oj *^jjjj AJLuC. ^ll lijillj 

i-J jl«iVl I ^^il^ (jjJl (J jkll J&l j> J J.'-'^oll <>JI J Jj la^>!ll 



UjjL j Manson Walker method j_£l j j^-^U ^j— k 
.ICUMSA Jj C .A .0 -A -J t> t> 

Jak fjj diia. Shaffer Hartman method cMjU j jsy— « ^j-Ja 

dlimla-Jl Jjk-* (> ojlijj JcAJjll <ji£j cijS^ J j- . \^ > f - „ ■ ■>•» ■ 

^ Ji& L>1£ *lj>J £ -^jWl Vl lj_J jB 

tjLCsb 3jj=u Ua ^__iu_j c( Iodometric detennination 

tjjjl U«S jjJjj ^lilUj aJ£JI ^uS jjjSjJ V-" 1 ^ 

-_LL__. Jjjls 0^ t JjjijJI j£~Jl (Jolaiil — a — uil (j— -11 

Volumetric method JjJall 

^jj tjj'i-rxll _)jla_« 4_iuiljJ » n"l1l el-ii 1 -Wholly ill (Jjla-a tj— * 

j-aa^Vl i-luiljll jJjSil f_pUI Jj2_-~]l Jj k oil f — a__ t_jl — u__ 

<Ij\iuJl Jjji_a]l j^jjJI <Xa£ c_lli.ii.-v J--U <j_al_. Jjb suj a a - 11 

Lane (jjjil jJ ^ JUJi jd> US liilij j_ — __1 J j_J__a1I 
Jjla-o ^ _U 1 • s jja ^i_iiuii j_u ^jjlaii e_* Eynon 

<J Jjk* ^I.WimU (^jlall j-a-^Vl jil Jj— S_ ^ 3 lilj 

^ol^i Jjk-» ^l_a_jml ^ii <]_JI aiA « jjSj J « ^ O 



JLa-ijII ^^Ul ^^ijjl ^ tL U Yo 0 jA_Lq 

Jjla-A i> JajLu ^Jiiiuu Lane Eynon Aijjia *l j_aJ & j 

^.JJA}I ) V> <^4* Jjia^j ( d^Uu u!i12jj_jS ) (t) 

*E>a cilU jli cw^lj JJ^I t5jSJI JjkJ d— p 

^ Jj_i^a jjjVi cjjjb u ijj | 

liUi tjjyll ^ lyi^ j^VI ujlll t&j ^jjl lil_s 

CJJJ^ 1 lJ V CS J*J a J* 3jJ*jU oJlftlj VuliJ! i aaul l 

^ ^U-lxiuuJl Jjl^JI ) J* O , V l5 >J Jj Knit u— « p — 

\ o OJJ Jj£x* lSJ^ Jji=^ ^ lS^I^Iu.! jAJ (jlc 3ofl.no CibluoJ 

.( J* o « 

. liLuiilakjll ^ (Jclidll frlj^j lS^JJ^Ij 

^ tijjVl OjM J^j uJjiJ j^Vl u_jill J^. 

^iV^l oAj^o Jjjl JJ^u 5jUck,VI ^ OJJ-^I J—' UJ-J tr-M 



Cu S0 4 + 2NaOH — ► Cu (OH) 2 + Na 2 S0 4 

cdj^laJ CjIjjjI JaajS tdunUil l AiuiSjj^i l>_^ ej—i*. cjil-J ~Y 

Cu (OH) 2 ^ Cu ++ + 2 OH" 

.iiia-Jl li* jjSjj IL-Jjli Jta-a ljS^ Oj^J S-uli SI J jr. 

uii JjSi-]l csjSJl JjkJ ^ Jcliiill J tiki^U tljLjj.ji 
t> lS jISII f jaAj—D ^jj-ift ill jib j ci£loL_iS tljj 

dj^l cr—J ' — « UJ^J u-i 

O^jjAjVi Sji -Polyhdric alcohol Jj Ajj-ifrll 

A^axU. OIL- JWSjjAjVl S^l OjJjSJI Sji U _^l 

JJ 41j ^ ^ ^ ^Ui ^^31 ^jjji 



o ii ii u ii ii on ii ii n ti M 

ii c-v-v-r-c c-ii i 11..0 — ^ ii - <■ - (•-('. c v -v-n 
oiioiionoiimi on on on mi on on 



on ii n n ii it n 11 ii n ii ii 

II ('. ('-(•.. ('-(■ I'-ll i Nil Oil •—►NuO c- c c- c c -t'-ll 

oiioiioiionoiioii on on on oiionon 



II II 11 II II II 
N a C) - (' - f -('-<'- C - (' - II 
Oil Oil Oil OH Oil Oil 



11 II 11 11 

N„0 ■■ (' - (' m C (' Si (' - C ,. II 

on on on on 



(j^iLSJI OjSjj tAjL**i. Ujuc (j^LJl j jSi, „ Hi j ajajj 31 JLjIjj_JI 

.dlwilaJill iliU jj! 



II II II 

N..O- C- in :=('-('- II 

oh on oh on 

(D* (2) (3) 



II II II II II 

N,0 -C ('«(' ('= - C - C = C - C - II 

on on on on on 

(4)* (5) 



jjj&I yUal! AjjIuJI JjiJJI ^ ( 4 )* , (1)* (jjLill Oj-SSj 

<JlJiil S_>iS l^Jj i^ inKill villi jJ 

.^UAll ^jjluill ~Y 
s J j=JI Uuj rate of reduction J Ji^VI Ja_** t \Y\ \ }J 

J.1sla Jitlj US "^-^ <jr* Jaxa!I <ij £; j 

t-iajjj Reducing power jGiVI Sj^all yL SjUtyl I «S 

l$jL JiiVI Sj-ilLi ^asjj .<_i$l]| S^Jlj SjljaJl lilli-Slj 

jUI t> Aijjw ^jjj s.iuiSV <*_pUl gtil^i Jjiaui aj-hS j! (jjj— jI 




(jjiJU pi jui (Jcliill £4 t5 ajl 4 ]| JLjiUj ^AjAaJl (jj.J j^jj 

Ciric 4j jo-JI c^li ^ J ^ s ^UJI J^LL ^ a. ^ 1 

J>J ^ijUi ^UjSjij^J jiu t LiiJ| JJj, 

Ojj u^Uall J ^ Oj^ tjS^JI >-»Vl AiiLuJI c^x-j^. 



.jSU-aVl £jB Ail!iSj jluJI 

JB Ajj >jjSJI j Aj.Xi4> JVl ujl-bjUl SOuiS'l Ajioj Ai*w lJ j j_Ji ,a>,.i 

.U»U-1I A^jjfrl i>bUa.Vl 

SAuiSVl AjLoC ^ ^JUg'.riall AoaS Ujluai. jSLoj ,_ S J£]I JjJl 3_u£ JJ-i&J 

i^juiSl l^jS-aJ Aj j »,>>,»■ ll CliLifi ^1 ^ I ape. lillA* jl — 1c Aaj — so j j — Lll 

Sjs^U 4*5S ^La 5L CjLS >q yJ) ^ Jj A_JUiJl 
o (V i-jSj^ 1 ujj j.„ (jii »o. ciiLS j — ail 0^ & JIj — o j aj i^ill 

Colorimctric methods AjjjiJi jjjJall 

L)JJ AjJ jJa aS^Ic lilliA (jjSj La Sjlfi j Aiu-a AiLSiS j — Ail 3*. £ — a jSL_uJI 

t^Ufl a AiliiS L^iLa jIajj ij^Sloll j^Ul SAiy jS- 

ifi jjIxaIII <JuxJl ^ji JySjli t-fitma. Cj Iu-v'u 0*} 'ij'i^Vl 

pL» CjUuja. AjUj Jiiaj i.:',,nrv Qyvui)! ! £A cli jJi ylS j j JjA l>o— as> A, k„ . „ >iil jj 
,jiMu <■ anS Jclij ^ tAjliLi* j luiriunil J j »a jj^Jl Ajjlo 

uijjJij AiliiJI AiUiSJl >l jaj jj\ £>So # t) f& J (J jJu-^Jl j 



Enzymatic methods WJ^Y 1 oj^ 1 

JJ^SJ (j^-aJ iJlipkJ SJuAjj Ajkj.il A.t.^i.cTVU •UaJjVjVI (jjj^l 

pSj t UvVu«J AiUiSi! >l >aJl jj£ jj t( ojtjiii .iljJ jlLJ ) 3J&lti Jl 

ujjSjj %J j J JJ.jSil (jjUl Jkjll CjUij\_jJ ^Vi uu 
ujl^A, j jjU AjJjJjSjLJI Uwl jll JjUyi ,3. » j-^j ljVI 

Awjj.1-1 t_iuisk JjJckill ^yi j»jjj}M .AA^ fJjj i^LxVl — uJI 

4jJaui jlllaJl aJLjIjJI 
^jUI Jk^l OliUj jjl (>xJ <Jl«i g *j (\ o) j J jX^J j 



Ilydrolysing Glycosidi Trivial name Hydrolysis 
enzym e c linkage pr.^bstralc ^l^pducls 



P-Cialaclosiilasc 


4) 


Lactose 


lM5alacLo.se, 


(EC 3.2.1.23) 






D-Glucose 


u 


(£(!->■ A) 


Maltose 


IM 51uco.se. 








Il-yluco.se 


P- 


|Hi-> 2) 


Sucrose 


D-Glucose, 


Fruciofuranosidase 






D-IVuctose 


(EC 3.2. J. 26) 








a Galuctosiduse 


u ->■ 


Melibiose 


D-C 5aIuelo.se, 


(EC 3.2.1.22) 






D-glueose 


Amyloglucosidasc 


a -> 


Glycogen 


I)-Gluco.se 


(EC 3.2.1.3) 








Ccllulase 


»(!-> 4) 


Cellulose 


D-Glucose 


(EC 3.2.1.4) 









\ IT 



J (GO) Glucose oxidase jj*^! jjSjM Jk 1 f ^i-y ~ * 

f-jjjj J Jkli ^Ul H2O2 — cb--^ S*-Al> 

jLsjmI tLSJ i jja.j.-uii j pi — « ^j-J Peroxidase n^ jjjjl 
^1 JjIUjjjJI ji JjSUj=JI JL« Ujija SjU J ji-JI ^^-uiSVl 
Jc. ^jjyi (J^uj .-Ujl c£<y uj^ cAA£ *t&j* JJ 

B D glucose + 0 2 + H 2 0 jGO_^D-gluconie acid + I-I 2 0 2 
S jl^ll aJLc Jc. jjAluiS'I jjSjkJI jjj <j jSu J u?j 3 
jja sjU Jc Jxuu ^ill Catalase jltsSil pjji) «J T i->Uo<i o>-^) Vl j 

•Waarburg £ jijj fJ-iiiuL manometcric ajJIo^LJI 

GluCOSe j iy^jj.MfcjJ jj SjLJ! il ^JSlLj uu -Y 

i> o^jj^ 1 £jw f»j^ tlya. jjSjkll >_p3j a dehydrogenase 

^jiVI oi*** iuS jiSj NADP + , NAD + u^j-ttl oj_ ijU-JI 
. jkjiU r £ » JjL Jc. J jjJk (j^L^LsVI lhLjSu JjSi-JI 

„ ^ , . Glucose 

B-D-glucose + NAD + D ^ R _l_|g D-gluconolaaclone + NADH.H* 
^ ' ! ~ 1 (X max 340) 

Jo JjSjLJI jjiij J Hexokinase juS ^ji] ^-i.wj -V 
(ATP) J Cjliu.ja -1 jjS^k Uil* jj_S jlaJI SjL_ufl ji_J 
Ja.iL>* ^j^u CjUjjIj djli^jill jj-JbwS Adinosin Tri Phosphte 
Glucose 6- phosphate pjjj] Ik-^Jj* NADP + | J>Jil ^ L-*S 



J sjbj l «r > > nj j>-£_>M jj-Sjj ts-i SAjjJU dehydrogenase 

Glucose + ATP Mcxo kinase Glucose l- phosphate + ADP 

* (G~n-P) 
G-vP + NADP' 1 ' G-'tPDH 1- phospho gluconate + 
NADPH.H* * 

phospho glucose isomerase ^jj] uLij ^ ^ US V J jjSjkil 

UJuH Jjkj Distase jjiL-MljjJI cjUij_jJ ^ -i 

jjS jkJI tJ _jk Jl u— 1J Quantittive hydrolysis 

(jAuiSj invert sugar dja^l jiuJU ^jUJI jSuJI y-*— uyj 

tjjiill <> Jj^ill jSuJl jjjii ^^ji} ^ cinversion JjkjJI 3 j Ur . 

^ J jluiU ^Jjlall AOuull t-jjjuiajj ^Ull JikSlI AjLc. p.1 J=J (Jl-J 

jjjS*JI ■» J-^J dij^l lIoUa 



\££ 



4j...,r- Uj—j t,i niiull tyl f b . Vi u ib ,j — ajjjl Jj. LaJ 

<LliJI (^Lo^Vl ^Vuii'i acid hydrolysis Jjks -Y 
«\js j Hard inversion is jS u ™ 1 -> J*- 1=m i 

AAjjUI aJA (j-ojoJj .(jjljJ O' 1 ' 4 ^ ^"1V jjJc ^jjii — uall £ « l5jLj__d 

•Schriefeld -^j^ ^yjW 
(J-uuuj dusk Mild inversion <_?jU (ji^U. Ji—kj -uj 



Proteins 



<La$^]| CLAjjS-dl qa iJjUujjJIj tlilAiiJI tAjiLoVl (jiaLo^Sn J — ilau 

31*3 ejj*-aJ Olui J$ US .A__Uc-Vl (JJj—ajj jrll-jj cJ^ i 

jJjSj .JaJl CjLuj OJjSS U3jJ3 J^U. t> AjjfrbU ^nlil) (j-al jsJl 

Clliu jjJl JS jji LjJjSJj .LplaJI SjJjS AjjjUJ ClAiu jjjJI ^a. jjj 

Ul» >L 5_jliJl l_i)£jaJlj AJa.jljjJI (j* La£* L-j -ft 

0 , . . tjJJ La C jl JL ill j ^jaJI UJjll ^ CjLyljj_J1 t afc Vl j 

.(jjilb ^ • * » * • » 



Protein source 


Protein quantity 


Yield 


Price 




(million t/a) 


(ke h,) 


(US$/kR) 


Gruin 


140 


200-700 


1 


Oilseeds 


40 


500-1200 


0.8 


Legumes" 


8.0 


200-1000 


1 


Vegetables 1 ' 


8.3 




7 


Meal 


18 


50-200 


17 


Pish 


13 




11 


Milk 


15 


50-400 


12 


Eggs 


3 




10 


a: Without oilseeds. 


b: Roots and tubers. 





(Chlorella , Scenedesmus , Spirulina t_A=Jall ^kaljj l^tLjj 

QjJjjJI -iio j .( Ajl'vll Aia. j (jJJjjfSi ) bjjSullj j — jLaaJj .Spp.) 

ttj^jA] t jjSjlsJI ^^l'imI Ajls Chlorella — II u J*Ja 5 k .»■! jj 

(JS1 (jii jjJI (> SAa.j • ,Vo jjiaj IfSli iIiUljSI jjJI ^ Candida 
<j± Pseudomonas —II <> LijjSJI ji I — .CiIjjuajjj_£]| 

IjJaij .(JjrvSil ija i^xj (JS1 (jiijji S^j 'iV* ^ Vvn JjjlljVl (Jj — la-« 
% W 1 ) liUSjiill i> LjjSSJI j j3L*±JI U £L_i3 jV 

^1 ^ilSill ^ AjliJl Jia>.j dfcMjjJI JjSi*o ^»J*JJ .V—°^l 

.^.jljiSUl 

£-a=»all tjj jJa tjc (Jii jjJI Jj-aS y-a^JUkljiVlj ji c j_£ j*ll tjjJjj—jll 
jSjaSI (jiijjill <> jUSuuj .(jJJ^I J^UjII UiSi JliD jj J S jl j»JL 
.3LjiftbU 3 iuaJl tlili-sJl jJ-euj ^JiliiJl £—4 j y-i Jjj_*-ajlj 



\ iA 



Uiill jrUiJ (> JSL-juJI i>-* : j*Ulu-J -V 

.Sjl jaJU <Uasu (jJjia CP cj£ JJ^ 1 
.(jiaull ^)lL-aj (J^ajjil L>°^ * cJ-ol£J) 

qAL^mA JU l^U ^jJS ^1 :»l >i»JI -A 
S J j=JL, ,jjjL JjjVl ohj^ C^V cW** ^s^ 1 

Amino acids ^L^l o^**Vl 

R - C H - COOH 
I 

NH 2 

-( «-Ai-Vi 

.a ja. S jj^a ^ CiljUll j^j* jj£ AajLm 



JOOH 
H, 

COON 
H|N-~CH 

4h, 

COOH 
HjN— 'CH 
CH 




Glycine 
lOly. (5) 



i -Alanine 
I Ala. A I 



i-Vollne. 
(Vol, V) 



COO HI 


i -Leucine 


-•CH 


(Leu, L) 


Ah, 




CH 








' \n, 





i-Isoleudne 
I He. II 




L-Proline 
I Pro. PI 



l ■ Phenylalanine 
IPho. F) 




COOH 
H,N--CH 

CH,SH 

qoon 



i-Tryptophan 
(Trp. Wl 



CH, 

00 



t- Methionine T 
(Mot. Ml 




i- Serine 
(S»r. S) 



i-Threonlne 
IThr. T) 



i-Cyslelne 
ICys. C) 



L-4-Hydroxy- 
nroline 



i-Tyrosln* 
(Tyr. Y| 



L-Asporaglre 
I Aw. N) 



i-Olulnmlnt" 
(Oln. 0) 






;ooh 



HO — CH 

iH»NH, 




COOH 
HjN— CH 



L-Asparllc 
acid 
(Asp, Dl 



1 -Glutamic 
acid 
IQIu. El 



L- Lysine 
I Lys. K I 



L-5-Hydroxy- 
lystno 



L-Hlstldlne 
IHIs. HI 



u-Arglnlne 
lArg. R) 



'• When no" dlliSn exists hetwen UteTcid and Us amide then Uw symbols (As*. B> mrf (Olx. Z) arc valid. 



4-UjUJ Juiluill jl L<Uj ^jii"^' (J^alA^Vl fJjujftl SAl^C. (JjJa lilLi* 
JU lW5 V AjJaS ^LuiU cU>U Cjli -Y 

Ji« :cjbauA (J_^j *A_jjU, (J— ^Xo. ilili V-V>' u u l — 1 -V 

lUSjj :Essential amino acids ^JbJ 3 <; \*A ^ oJ | 

:Nonessential amino acids <*>AJ jjc. ^1 a u t - M 
OOjj^I oA^Jl «a>J OjljjJl l*pVVI J*.^ 



U>> AjiuS/l ^Ua.Vl jviuosjl oUjI ^ J&l liiliA J Internet oL* jlx^ll 

Monomer Units ^uiUull u$j£j ^ L*»U Y . ^— ll 

cilli j C^Lyi CjUj>J ^jJiiajJI cU>Ul U> uj£i-3 

. L- a Limine) acids 3i 3 jxA 

Zero Net f-wb <-i jjuj ( ) i^j, ol o ji (-) aj1L» ji (+) aj ■> ^ 

.charge 

dULi Js>Ijj jVI ^a~xJ \ a "i ,, jU 3 (Hyclrophilicity) el — *1L) 

i^JbMl jalli (jJb lillij (Hydrophobicily) 



Hy droph obic amino acids Hy drophilic a mino acids 

Alanine Acrgininc Lysine 

Isolcucine Asparagine Serine 

leucine Asparlic acid Threonine 

Methionine Cysteine 

Phenylalanine Glutamic acid 

Proline Glutaminc 

Tryptophan Glycine 

Tyrosine Mistidinc 
Villi no 



4*JUVl ^Vl u-U Jo L-J iiiuVl <>L-^Vl 

6* u-Aj Essential amino acids JjVl £ jjll j a^USM jjc, j 

Valine Isoleucine Leucine Methionine Threonine 
Phenylalanine + Tyrosine Lysine Treptophane 

AjjualuiVl (>aL<i=k.VI £y* 4Gyta*A\ oX— A (ji t-Jjj— xaJI <j — «j 

Histidine i>*Aa. j Arginine a-" 2 *- t> J — ^ W— l 1 «J ^ 

v uj sjusvi ^ui v-^-Vi <>u^n ^ o' ^ tjui6a 



J Limiting amino acids sj^I AjiuVl (jil^Vl L<u— ij 

Limiting amino acids as indicated by 
PAA scores in 21 protein sources fed to rats* 



Protein source 



Limiting amino acid 



Whole wheat 

Oatmeal 

Rye 

Corn 

Rice 

Millet 

Soyflour 

Chick-pea 

Lentil 

Lima bean 

Navy bean 

Cottonseed flour 1 

Cottonseed flour 2 

Peanut flour 1 

Peanut flour 2 

Sesame 

Egg powder 

Milk powder 

Fish-potato 

Corn-fish 

Corn-blood 

* Data from McLaughlan et al., 



Lysine 
Lysine 
Lysine 
Lysine 

Lysine and threonine 

Lysine 

Methionine 

Methionine 

Methionine 

Methionine 

Methionine 

Lysine and threonine 

Lysine 

Threonine 

Lysine, threonine, and methionine 

Lysine 

Lysine 

Lysine and methionine 
Tryptophan 
Tryptophan 
Isoleucine 



(1967). 



: 0 V ) ?J Jj^UULL^I 



3 

•3 

fD 



VO 



I 3 



H H 

'7 
•a 

o 
•a 

ST 



3 "5- 



<; r i- 



3 



x o o n j. > > 
E £ -p '» a 

a • £ 8 | R » 



o\ 5 T 4. oj 

«j 9 \o t 

™ £ 6; p ti 

w Ul jo -J 



5 £ 

u. 0° 



o> r/i 

iji ij\ 

o Ul 

O 0*1 



J Ul l>J nn i^j 



».»» 'il 

o o 

ivi ^ 



91 VO M 



+- ij ui a* 

i> bi U io 



PPf-pppOO — OO'-OOOOU© 
ui Ui o Ui In Ui Ui wt b Oi ui Ui I a y, 0i © Ui 



» « ^ 4* IJ 

i j co 

N » £ W IJ 



IJ IJ 



• I I 
o o 



IJ 4* JU I J i— ijj ijj i j vj j^. 4. 
VOUO — UIOOOUIO"- 



i— .U it) ijj (ji i 4 j 

Hi ij >- o a i- 

;/i © VO ; I >~ i- 

o la h » ui fjj 



I J I J i— I— • I J tmm 

Ul vj l/i o> o vO Ov 



tj to |J — I J 
« W vO * p 

Ui Ui VO bo vo 



I J IJ >— IJ I— ~ — |J H 

p>vO vovo I J r/s vO vO © vO 
Ui Ul Ui fa I- j> vO i J Ul 



■-1 "J Ijj IJ IJ\ -) (jJ Ci -1 -I J» i— J- I J Ij ui I J 

£2 £ S ■*- ', J ;! °" P ' "J ^ J S ^ •*» »a 

j-4*p^-c«aJ-|j — t.iJ • i o ui i i vo •■ i 

I J i— Ov 00 O 4- vo O '<~ Ui !. I ij © Ov Ov Ui Ov 



+. 4- (jj w i j +. i j j>, ui ui u . „ , , , . 

SUI Ov i J Ui do i j> Iji Qv i/i ' I ' I » 4. i j 
hI«0G*00 -I ~ O '..l O & 4- 



'ji IJ I J Ijj <ji 
© 4. 



:Jl3ll 



glycine 

proline 

phenylalanine 

Alanine 

Valine 

Leucine 

Isoleucine 

Tryptophan 

Methionine 



Serine 
Threonine 
V2 cysteine 
Tyrosine 

^ j Charged side chains ** 

Asparatic 

Glutamic 

Histidine 

Lysine 

Arginine 



:(U) ^ j JjA=JLj Jk. 



ts* j Non polar uncharged side chains 



^ j Uncharged polar side chains ** 
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Alanine uyVVl -1 
. ^ AAA ^ Th. Weyl UwJjj jjj^I Owjj^ u— * <i-^a p_j 

Liu .jjiVl %1 Jlj^ t>( ojjil ) SjiB Opjjjj OA;*JI cS.A-'MJ 

Arginine ^ jVl -t 

^LLjluI jj Sj-w i ail (JuaJiW tllljjaoS J — « — SI — a *0 — uai ^» — J 

ciLiu jjJl ^j-*. ^ j^jjj . 1 AAl ^L-c E.Schulze and E.Steiger 

i> ^bjjJ Jjill jjjjjj lSjj^ .%^ V U ^jIjSj 

ji ^3kj AjjUaiSII t>oj ^ (jij Jj-oJ tlfcj — ^ft* jVl t>b — «x 
JJJaJj .LljjJl (jjl^'i <_gi ^t-imj i—lSi^^ Sj^jS <Lloa1 a} Q}il^.jSn (_paAa. 
CjULc ^j-a ApsJI ^ (J^Ai *■* nv 4jjuiIuiS/I ^ ij-aSfl lJ**\ «*}M (j « 

Asparagine j^- 1 j^Vl -V 
<Jauil jj Asparagus luW 1 t> i^ 3 - 0 ^- J ^l-aa ^ 

UiLijSl ^3 jSj ^ A . t Vauguelin and Robiquet t> d— £ 
J A^j iijUjjjjjjlikJl . \w\ Edestin ^JUl oliujjJl t _ ff _J 

«daj| j "daujiljj jiijjJt j^J JaJJJ — 2 ' ■aJJ (j — jl J A}* JJJ^ll V^J all 

Asparatic acid J\.C\>»\jW&\ (ja**. - * 
^.jjj ^ AAT, H. Ritthousen 3-kJ ^ CjU jSj]| ^ -Ujc ^ 

^fl iuc, 5 jillj ^(Alfalfa) ^L-aii-aall ^ul jjaJI Cjliii j>_Jl ^; ^ 

fc^ uiu ( jijsii jt, %u,r ^ £,n ) ^^ji ^ uij< >^ 



\0\f 



Cystine oaLuiJII -o 

f.lc. W olaslon <M blocldcr calculi —11 1> <i-aa ^-J 

^ Aailft -^asj ■ ^ ^ Mocrncr AJaJ » jjjall 1 A 1 » 
J J] oA—ll Sj^JI W*l ^jsj .(%■*) y-ijai ^j^li 

.AiiU JUjI jj jyjL t> ( Cysteine residues ) oiwll ciiUfU 

.(jaiol.^.il lift (ja %Y ^ i>o ^jic CjllUjjllI pin* a (jj jjajj 

Cilulamine u^^l ~^ 
Schulze iy> ZJhjJ jSLuJI jaij qq ajI^JI (ji aJj& ^> — j 

Cjlj^5jjJI (jji bj^j <Jri JuSI fx—j I — «£ . ) AAV ^L-g and Boss hard 

jjJJ ^c-j«u qwIj ^kJi J yviij w j»Lc Damodarun # 
U £ pH -iic aIjIj Pycrolidone carboxylic acid s 

•lS >VI pH —SI 
Glutamic acid dj-^jM t^ 3 -* 3 - " v 

pic H.Ritthouscn UuJjj ^511 cj£ i> cr-* j*-- 11 
Y^.V) jjjll cjIIujjj ,ji ix^U. j dAiii 5 jJI ^U-^ ^4 i j9jj .urn 
US .(%U,o) 1)^^11 j (%U,£) SjUl t(%n,£) •(% 

<_5jU.Vl f» jjp_y««aJI ft^V'mjj .(_pa*2kil li* (>> <«iS ^jlc t_>«iV_j — «ll 



Glycine (j ,i» > nU\ l -A 

AjauiljJ jJjXjaJl t> S_>« J jV <L*aa .J3 j JJ — uuk. %Y' » Y 0 ^ 1c 

jjill AjiwS/l (>aL<^Vl (> J . \ AY . ^Ic H.Braconnot 

4jaJ jJ AjjSLall (JjUSjaII (j^> JJjS]] 4jjj! S^l a J — ii*J 4 l\ Vj <J — ull-uli 

Histidine ojj^I ~1 
fie- S.G. Hedin and A.Kossel jj 'U-jJI <>9 4l f_j 

CjIIj jjJI fJisw (j jj=uj .liSUuiVl S-Jja-j*]! ililui jj— ill u « ^ AS 1 

%1 ^gilja. tjic f^SI Cljliijjjj ^5j4s»J U£ .jJjJiuA %V Y <jJlj*. jjic 
. JlilaVl AJ^ij ^ ^LuuLuiVI (_>i>L»a.Vl t>> j£*Jj .(ji-io^ll lift 

5- Hydroxylysine ls ^S jjaia o - \ , 
Schryver AJoJ jjj t ^ 1 Y \ pic ^jii j Slyhe aJ*J jj <Laa ^3 

4- Hydroxyproline OjIjjj (^jjAja - i - n 
flc E.Fischer ; UaJ jj ujj^U?JI i> ^I-jJ -ulc. J j. aaJ I 

fj^Jii ^ ^LiJi v^Vi a^j <> i mil oJjjj "£ jjjlk)i 

Isoleucine j^jjlj jj! - U 
fla Ehrhich jj Fibrin oiji& t> a ^ j— c f " 

f jaJII Olijjjj ^jlsuj . WVl (ji^Vl t> J .'"-"'j * 1 ■ t 
C>=jJl CjUjjjjj 



Leucine ca^j^ ~ ^ ? 
pic H.Bmconnot <kml_jj A Ar^W a^uuVI j ui t> <La5 ^ 
•^^jj^I fJ*" tffi "^j^j <±u>^\ ^wVl (jisU^Vl t> j— a j ( ^ AY . 

i— iuu jjJc. 4JjosJl illlipjjJ tijiaj j V ^ I « £ jlj— JJ <i— uuj 

>dja *L£l j ( %*M gjfl t%U,v Sjili ) U ± A *A\ liA ^ a;h ^ 

•U^jJjjjVlj LkHjJll t> fUSel Oil £u$i jjSy J ja^ll 

Lysine i>-yill £ 
Jl«j jAj ^ AA1 Drechsel <^>\ jj <jjjl£ll 

(jiMaJ! li* ^.JJJ «t>^lj cJ^J^J ^MPjJ* t>> %^ V Slja. 

Lgall ( % £ Y ) SJjJaJl CiUjjjjj 3jJaiki« 4auuj ^LuVl <j u*Vl 

dlUljJaJlj lilLiujoVl Jiiauj .JjUJI (jiaASkJl jA jioVjJ Jl IftJ- 8 jj Sj 

^joLJI cQjijjjall ujjlau j ^ » ) jjU-cuJI (jj&i Ajj,,„.%,,i]| 

.iljliijjjJI ^ aj^iIS jjJI <AiiU ,vk a\\ J»UJI (ji—yolil (jj a 

Methionine lwjjAJI - 1 6 
.mY r ie J.H.Mueller jj i^jKll i> 4J^I ^ <J> ^ 

AjjLajJI ililiuj jjJI t5jiau Laiu %£ Y ^gjc AailjjaJI (JjtuijjjJl C £_£auj 
^luiLuiVl <jjj-*Vl (jiaLni^Vl <j-« (jrxrsll -UHjA* %^ ^ 

lift ^ ^aa tiUau lilliJj jaJl ClJULjuaIIj [jja^uSbU l^a. ^Luua. j & j 

(jjS^ll j^iji'i <i\jfllj SauiS^aII (JaI j*JU 3 LIaaII ji Puffing oaiil 

CJ^J^ LfcPj^ 31 Jj 3 ^ (NC1 3 ) JjKll ,^15 ^j^-ilil! SJa^ljj 

•methionine sulfox iinide {L* 

O 
II 

HaC S CH 2 CH 2 CH COOH 

II I 
NH NH 2 



Phenyl alanine Jjia - n 
^ jsljjj UA1 E.Schulze 3_kJ jj u^jjII i> ^ j— & p— 3 

liA Jjaiij .(jLuu!>U (jiiLui jAj ( %0 i J-ajmjl«U ) CllljjjjjjJl £J — aa. 
QuVI Jaiall (j^ OiJJJ^ <jrl ! cs^ 1 J— "J 

Proline O^jj^I ~ ^ v 
flc- E.Fischer ^kuil jj (jiyjJI q*a jjJ j jj J «ul — .i&l 

SjjSj JajJj .%V £ (jjj U £jljJJ ijin'ii i " >l n"i j jjJl J ^a. jjj 1 t • \ 

(%u,r) ^jiaijf/oU.A) .,r) diijSj^ ^ 

Serine C£j^\ - \ A 

E. Cramer 4J*Jjj Sericin uu-jj*JI i> -jJI J ^1 ..^ 

Jj % a £ Jj* tsift ^jUjjjjH fla** c5 jj=^ j . T A 1 ; o j»\ c 

cs-lc tdijjiLujaJl ^o aJ Jxla^ OjjJjuJI lK"^ J — «*j Oliu j jjjS ui jill 

cs — 5 ^'j-^jo — ^ j — ?■ -iafi j— jj 'O.phosphoserin Sjj — uo 

Threonine oji jjjjJ! - ^ ^ 
o^Ljyi jAj f ^ W.C. Rose jj <il asi ^ 

o^aJl O^Jill . MJ ^J| J £ ,V Y,V tu ^i\j oJil j 



Tryptophane o^J^ 1 ~ Y * 
^UmjjJI <y A mi^a ^ Ja. jjj . M • Y f.le F.G.Hopkins =Lk_J jj 

1 ) AjSLill diU£SjjJ! ^4 Liy| 4,niV u 43iui J ^ ( %Y ^ ) AjjI jjaJ 
*U5l cWS *J .(%A,Y) i^jjil^l ^ ^iQj^ <(% 

t^J^ 1 (3^1 tjS ^ AjJj^Vl V-^^ 1 O* 3 ' «*Vl 

•nicotinic acid 4^ j^ 1 
Tyrosine i^}Jjj£ll -Y ^ 
pic J.Liebig AJLJjj ^jlSll ajI^I ^ -uJb. Jj .^11 

%*\-Y Ajuuiij CjIjjjjjjII ^Jiat* ^ J ja.J- (jjljVT (Jjiill Jl« j ft j . ^ A1 t 

.% ^ * J| lU-oS tjJjjjJdll t> AJlc Ajx-j j^lc jjjaJI oxjjjjfl (jjS-^jj 

Valine oJlill-YY 

jAj . UV* P.Schutzenberger 3-kJjj ajI^JI ^ J*-aa ^ 

au^JUjajA ji ^ (elastin) 
Dissociation cSiifcJl I 

pH —II fSj (jlc lAJl JJU-oll ^ <ux«>Vl ^Ua.Vl -ij*. j 

Zwitter ioUS tJaall AjjUj tlAijjl jI i^UjJ_3l£ ej>-«9 t5 —3c elj-jui 

HY 



R-CH-COOH -tf 0 R-CH-COO" -H" R-CH-COO - 
I +± I «=± I 

NH 3 (+) NH 3 (+) +(H) (0 NH 2 

[ W A W ][H W ] _ [A t+, ][H H ] _ 

FS =Ki [ ( - ) a ( - > ] K: 

JjLJI jA ^jJaall (jjUu jjjVl o^jfr <Jjfe ti^l pH JI -^Cj 

[ + A] = [A"] ^UH^j^ Ji-auasjk. 

[ M A**]llP)] [ (+) A H ]K 2 

[»A] = = [A H ] = 

Kj [H + ] 

K 2 ) 05 .[H + ] = (K 1 
pl = 0.5(pk! + pk 2 ) 



•Titration o^U^Vl s U jj^Sj oioj 4j^» 

oiL^Sfl o^uJ <^Si3ll ilull iuSlS (n) ^-Jj Jj^JI 2— l« 

^j^ll J^UiJl <£uti\ 



^jiSl\ JjUjII Uiij AaxuVl u±l*& lilSiull Cuti fij JjA?. 



Amino acid 


l»Ki 


pKj 




pK.i 


Pi 


Alanine 


2.34 


9.00 






ft 0 


Arginine 


2.18 




P 00 




to a 


Aspa rapine 


2.02 


8.81) 






5 J. 
.1.1 


Aspartie acid 


1.88 


3.05 


9.00 




•iiO 


Cysteine 


1.71 




10 fifi 






Cystine 


1.04 


2.10 


8.02 


K 7 1 




Glulamine 


2.17 


o n 








Glutamic acid 


2.19 


4.25 


9 fi7 






Cilycinc 


2.34 


0.00 






0 l) 


llislkliiu' 


1.80 


53)9 


9.07 






4-1 lyilroxyprolino 


1.82 


0.05 






5 7 


Isoleucino 


2.30 


0.08 






0,0 


Leucine 


2.30 


o.oo 






0.0 


Lysine 


2.20 


83)0 


10.28 




9.0 


Methionine 


2.28 


0.21 






5.7 


Phenylalanine 


1.83 


u.l 3 






5.5 


Proline 


1.99 


10.00 






0.3 


Serine 


2.21 


0.15 






5.7 


Threonine 


2.15 


0.12 






5.0 


Tryptophan 


2.38 


0.30 






5.9 


Tyrosine 


2.20 


0.1 1 


10.07 




5.7 


Valine 


2.32 


0.02 






0.0 


Propionic aciil 


4.87 










2-I'mpyluminc 


10.63 










ji-Alanine 


3.55 


10.24 






0.9 


Y-Aminnbutyrie acid 


4.03 


10.50 






7,3 



ji ^aj ( tiljjjjjjJI o^*^ ) U^^' U^ 3 - 0 ^ '( l 4hj£ i JJ — Jl 

(NH 2 ,COO") J Oh L. aiLui^b Jits PK - J 

Ojjji J] t-Jaall t^US QJ^ 1 tJj 2 ' 2 t5* ^ -f J^>°^' ^ J- 0 ^ J* 5 ^ 

j ujSj Hydration Aj jjVI <J^ uloll ^afi oj-^ 1 uM 
+ 

X' 

-»(+) (-) +-» 



J. 

[(+)-* (-)i zwitlerion; + water dipole) 

yJj^ll JaUioJlj ^frljifl ^JajJI -4,1 
Configuration and optical activity 

chrial centre JaAj jSj* l^J Ij& Lua ^Ua.Vl 

trfiidlilj a C atom ^1 jill 

Cohn I- fUu ( S ) amino acids ji L-amino acids j mi 
ul^ (L) (jic. -ija^jxll jjioLuJl (jiMa. ^ijjduib ngold prelog 



c 

k 



:ooh j:ooh 
h 2 n- c -h h- c— nh 2 



R 



L-Amino acid D-Amino acid 

(S)-Amino acid (R)-Amino acid 



no 



(ji UaJ j js^ja ( R ) jl (D) S Jj^\ ^ V- i?^ 1 <ji»l— «a.Vl j 



ciooii 

IlaN ■ C - II 
IlnC - C - H 

cyi., 

L-Isoleueine 
(2S:3S) 
Isolcueinc 
(Common 
in proteins) 



II 
H 



COOH 
C- Nil, 
C- CII 3 
Call., 



D-lsoIeucinc 
(2R:3R) 
Isoleucinc 



COOII 
N 2 II-0- II 
II C-CIIt 
C a Il 3 

L-allo 
Isolcueinc 
(2S:3K) 
Isolcueinc 



COOII 
II- C ■ NHj 
CIIt C - II 
C 2 H S 

D-allo- 
Isolcueine 
(2R:3S) 
Isolcueinc 



objj ^ JjUUi pH —II jjo j^JI ^1 J^j liip. .pH —11 jk-ij 



^.Vl o*^ 1 w^J 311 uljj^l ftiS :(^) JjJ» 



Amino 
Acid 


Solvent system 


Temperature 

(°C) 


[a]n 


L-Altininc 


0.97 M HCI 
Water 
3 M NaOH 


15 
22 
20 


+ 14.7° 
+2.7° 
+3.0° 


I. -Cystine 


1.02 M HCI 


24 


-214.4° 


L-Glutamic 


6.0 M HCI 
Water 
1 M NaOH 


22.4 
18 
18 


+31.2° 
+ 11.5° 
+10.96° 


L-IIistidine 


6.0 M HCI 
Water 

0.5 M NaOH 


22.7 
25.0 
20 


+13.0° 
-39.01" 
-10,9" 


I„-I„cuoine 


6.0 M HCI 
Water 

3.0 M NaOH 


25.9 
24.7 
20 


+ 15.1° 
-10.8° 
+7.6" 



a-»Ic (jjSS Rancemates CjUluuI J\ J^il 
D-amino -Jl <> u^l J lUJyi (jiU.Vl » ls 51 
^jiVI JjLI .^jitVl *U5l ^ifcVl acid 

t> U^VI ^.Vl <>L*bU JiU-o ^jiJl &\^\\ ^ .... 
-Papain -11 JUoJj* cjaLiVlj U^Vl U^Vl o-L^Vl 

Anline 

D.I^R-CO-NH-CHR'-COOH — -- l^R-CO-NH-CHR'-CO-NH-CeH., + D-R-CO-NH-CHR'-COOH 
Papain 

amidases IJ-Jjj Wtfl o^L-^Vl J *estrases ^U.j_jl 
uS-j L^S .amino acylases — SI N-acylamino acid J 

Esterase 

D,I^H 2 N - CHR - COOR 1 L-H 2 NCHR-COOH + D-H 2 N-CHR-COOR, 

Amidase 

D,L-H 2 N - CHR - CONHR 1 L-H 2 N-CHR-COOH + D-H 2 N-CHR-CONHR' 

Acytase 

D,L-R-CO-NH-CHR'-COOH L.r 2 N - CHR 1 COOH + D-R-CO-NH-CHR'-COOH 

Solubility ch& £ 

cs^JJ-^l (>^i J OjIjjJI o-^J ^ ^U^j 

f> J* ^ ' / f» ) *U1I J ^L^Vl ckj* ) ,Jj JjxLjl 



nv 







) pA j (J 






Temperature (°C) 




A.niiuo-ui'id 


() 


25 


50 


75 


100 


[, -Alanine* 




16.51 


21.79 


28.51 


37.30 


l.-Aspaiatic acid 


W.— J, 


0.50 


1.20 


2.88 


6.89 


M'ysiine 


0.01 


0.01 


0.02 


0.05 


0.11 


I. tiliiUiniio acid 


0.34 


0.84 


2.19 


5.53 


14.00 


Glycine 


14. IS 


24.99 


39.10 


54.39 


67.17 


L-Ilisiidino 




4.29 






- 


L-IIydroxypmlinu 


*«O.ClU 


36.11 


AC ID 

45.18 


51.67 


- 


I.-Isoleueine 


3.79 


4.12 


4.82 


5.08 


8.26 


1. -Leucine 


2.27 


2.19 


2.66 


3.82 


5.64 


IM. -Methionine 


1.82 


3.38 


6.07 


10.52 


17.60 


[.-Phenylalanine 


1.98 


2.97 


4.43 


6.62 


9.90 


I .-Proline 


127.40 


162.30 


206.7 


239.00 




.-Serine 


2.20 


5.02 


10.34 


19.21 


32.24 


[.-Tryptophan 


0.82 


1.J4 


1.72 


2.80 


4.99 


1 .-Tyrosine 


0.02 


0.05 


0.12 


0.24 


0.57 


I,- Valine 


8.34 


8.85 


9.62 


10.24 





njj^jjBl <OaW^ 'lW-^j^ 1 ti 5 -^ 1 u?j— =^ — 1 — J (p^ 

I ij . aj ^J^U (jJ^ jj/^ S-U^J •^ b' > > ' ^J*^ Jjj^J' 'tLJ^ 

.( f 'A • YA f l W • / p lj* • , • 1 ) O^** 1 dj^fr 1 



UV - Absorption ^miKjW Jjfl *«5fo uaL^L»\ j 

. jjLi Y ^ • Y ° » t j3i« jib 
JuajjU YA. Jjis -iic- ^jIJlujj]! j tliLuijjill J— J-iaJ f»^— jj 

. Jkajjlj Y ^ • Y • ♦ Qu U £jl Jjj 

Peptides CilJjluil :Lul5 

-H 2 0 

2H 2 N-CH COOH « » H 2 N-CH-CO-NH-CH-COOH 
+H 2 0 R R 

-HjO -X,-Y 

X-NH-CH-COOH + HoN-CH-COY - *" X-NH-CH-CO-NH-CH-CfH^ HjN-CII-CO-NH-CH- 
COOH 

Ri R2 Ri Rs Ri R2 

amino acid <jiuVl o^U^Vl <^ULlL» ^a_*j cj|,u, \nH j— ojjj 
lIjIjuIu jaJ jVl AWi L»l .«JJ £A±luA J& nj\j— j t^b Jj — « residues 

.(liiuii J jJj £s2j*]| ^jaJ ujjll lilApiJl .JLduVl 



^ uUI ^ d&i c> ^LLi, ^ ^ -u.« 

•UHJJ* U^ 11 (3^ cjJa- 



H 2 N -CH-CO-NH-CH-CO-NH-CH 2 -COOH 
CH 2 CH 2 OH 
alanyl - seryl - glycine 



^k^ij J^jS Wtfl obUa.bU ^jVl Uljja. XCMl 

.•^ US -d SjUVi o^y i3A*Ji ^Lali (jia ^iiiij ^.wi] SjL&u 
Ala S er Gly 

(jls-Vl (J^oslJI i_j5UjJ SjL5&U .iaJ j ukja. -I ^"- | jlaj I ^ 

.iiijjJall iLjAiLjJl i ]J%J\ 

j—*Jh D- amino acids — Sf V-AhM o^ 1 —"^ J »jj 
^isJij Ul AjiiUJl ^LAuJI (>^s PerfixD 

- CO NH - ^1 ^1 a^l 
^iJiudJ Wail o^ljiJl 

Dissociation 4m i 

JjUUI ^Liij PK values Cu\5 ^ (X X) JjX^Jl jj 



{j^Ua.Vb AijUullj ^Liasa* illl-lujJ ^ S jaJI jaiaVI £J — «la-o ^jj_JSj 

Gly ASP/ASP-Gly :5Cu9 



cjIj^JI l j a3 u J ^j^l JjUSII i53j Cut5 :(YY) Jjia. 


Peptide 


pKi 


pK 2 


pK 3 


PKi PK 5 


PI 


nu# ni\f 
Lriy-uiy 


1 19 

J. JLi. 


8.17 






5.65 


Gly-GIy-GIy 


3.26 


7.91 






5.59 


Ala-Ala 


3.30 


8.14 






5.72 


Gly-Ala 


2.81 


4.45 


8.60 




3.63 


Asp-Gly 


2.10 


4.53 


9.07 




3.31 


Asp-Asp 


2.70 


3.40 


4.70 


8.26 


3.04 


Lys-Ala 


3.22 


7.62 


10.70 




9.16 


Ala-Lys-Ala 


3.15 


7.65 


10.30 




8.98 


Lys-Lys 


3.01 


7.51 


10.05 


11.01 


10.53 


Lys-Lys-Lys 


3.08 


7.34 


9.80 


10.54 11.32 


10.93 


Lys-Glu 


2.93 


4.47 


7.75 


10.50 


6.10 


His-His 


2.25 


5.60 


6.80 


7.80 


7.30 



sensory properties 4auoJI oliuaSl -<j 



jli ((jfi-ljall £jJaj3l (jic <LjiL«Vl (j^aLaa>bU ^*Ja3l S^ja. Aaaxj Liu 

USj t^ljill ^ jib tsllil IS**. V j .( I ) tr-jV J 1 a~ u 
*U1 3^11 tljli-cJLi Jits ^1 yli ^ux.Vl o^^Vl ^ JUJI 

^uiS ^ jj ^Ul ^jSij JUUll <J±iu, <>i ^liajjJ] a IK oil 

<»_Uuu _>a!I ^xUl ^tijj ^j^j pliill uliliu jjj ^ jjjS Jj^xj *l 

.JSLixJI 

^ v^ 



Peptide Taste 





Quality 


Intensity 


Gly-Leuc 


Bi 


19-23 


Gly-D-Leu 


Bi 


20-23 


Gly-Phc 


Bi 


15-17 


Gly-D-Phe 


Bi 


15-17 


Leu-Leu 


Bi 


4-5 


Leu-D-Lcu 


Bi 


5-6 


D-Lcu-D-Leu 


Bi 


5-6 


Ala-Leu 


Bi 


18-22 


Leu- Ala 


Bi 


18-21 


uly-L.eu 


131 




Leu-Gly 


Bi 


18-21 


Ala-Val 


Bi 


60-80 


Vnl-Ala 


Bi 


65-75 


Pho-Gly 


Bi 


16-18 


Gly-Phe 


Bi 


15-17 


Phc-GIy-Phe-Gly 


Bi 


1.0-1.5 


Phe-Gly-Gly-Phe 


Bi 


1.0-1.5 



^j^l OlAiuJl Cjlju-V jkJI ^-xWl <-iL_&SI ^-j i-aj 

a L aspartyl L- ^ Chance (I) ApJ+&\ 

L- amino -J <Ji-U a^I j phenylalanine methyl ester 

.Liyl jk <u*L .malonic acid (II) 

Qij U J HI , II , I t> JS C_1}SJ5 4jjU« .li-ftj 

^Jall ^li (D) Sjj^ll ^ UuVl J J^'J 

yOuj jiuVij cV-s jjjSii mj^j^' t^j^ 1 t-^j ■>- JaJI 

j*Ja jSj .II , I t> &\tihA\ ^ Jbsa Ji^jJ ( R ) ^^ulunJI iujUJI 

JL^jl ojSjj W*-^ uj^s L- asparatic acid -J o* *=> d 




coo {) 

H-C-NH 3 (0 
R 



(III) 

( ) CH3 kcjA^ut ji t jja.jjAjA Acjj^jt JjSj Lajj Rj II 

Sa^c. <£ui (iJLifcj .jj** ^ S jjilo JjSj R 3 , R 2 _J| ^La^ Uiu 

• (Y £) ^3 j Jj^iaJb ks^JajA 
t^AuVl 4jjjlU3l lv^j dpjjjjfl cjivoJ aCjj CjI JLa,V f*yi VjJ *) Jji?. 



R 2 


R 3 


Taste 


COOCH3 


H 


8 


n-C 3 H 6 


COOCH3 


4 


n-C<H 7 


COOCH3 


45 


n-C*H 7 


COOC3H, 


5 


n-QHij 


CH 3 


10 


n-C 7 H 15 


CH 3 


Neutral 


COOCH(CH 3 ) 2 


11-C3H7 


17 


COOCH(CH 3 ) 7 


n-C4H 9 


Neutral 


COOCH3 


CH2C4H5 


Bitter 


CH(CH 2 )C 2 H 3 


COOCH3 


Bitter 


CH 2 CH(CH 3 ) 2 


COOCH3 


Bitter 


CH2C4H3 


COOCH 3 


140 


COO-2-methyl-cyclohexyl 


COOCH3 


5-7,000 


COO-fenchyl 


COOCH, 


22-33,000 



.R 2 -Jl j JjL Sijjj UU-aSV jkJI *nUl SAji J^jj 

s^S ^ j^Sfl jihJi U! ^ ^ll^VI R 2 II u' c-^ 1 ^ l>— j 

tyjla jj£S J 4^ R 2 jl <£uVl j tf *]J Sj-Jj LgjS 

•S jJj-oS jj£j jl ujsu R3 iLuuii 

L-ASP-L-phe-Om(aspartame) , R 2 CH 2 C 6 H 5 ,R 3 = COOMe 

.IcJV <u*L jjli L-ASP-D-phe-Orn U» jk 4__«L L-dh 

: jla j aIl^A <& j«-all (_J& ^Jall 
D-Ala L-ASP L-phe-OMe 
***** L-A la L- ASP- L- phe Orn :Ui# jk -u*L 

.SjjuS <9*_pJ tjk "CaxJa jj^J ^IjjAjJjjjjuiII jl Ui^Mj jl l_l a»Jj 

US pH — SI ^j-i ^ Orn B- Ala — U jJUl s^_i£ ^ «j j 

:(Y °) fSj (Jj-iaJI j* 



Om-B-Ala jAjU glUl ^1 Jc, AjjKjj^II jjfc :(Yo) 



Equivalents 


PH 


Taste 




HCI 




Salty 


Sour 


0 


8.9 


0 




0.79 


7.0 


0 




0.97 


6.0 


1 




1.00 


5.5 


2 




1.10 


4.7 


3 


+/- 


1.20 


4.3 


3.5 


+ 


1.30 


4.2 


3 


++ 



fSj JjJaJl j- jAj US Ornitlyl B alanine hydrochloride 

\ Vt 



ur^U CJj CJiiuJI (jlaxj JjJa. 



Peptide 




Taste 


Threshold (mmol/1) 


Quality 


Orn-P-Ala-HCI 


1.25 


3 


Orn-Y-Abu-HCI 


1.40 


3 


Orn-Tau-HCI 


3.68 


4 


Lys-Tau-HCI 


5.18 


4 


NaCI 


3.12 


3 


Om: ornithine, B Ala:B alanine , y Abu: y aminobulyic acid , Tau; taurine. 



Individual peptide ^uaUJl CiIjjLoI) 

^Ja&Vl ^ Sic Jr£ j AjuJsJI ^ AjwI j »Jj*-aJ djlAjjjJI j_juu£ 

:V>cbU cPL^I s^Sjill 
Glutathione (IjjSU^ - \ 
( y- L- glutamyl L- cysteinyl gly cene oji^ jkJI 

JiLk (> l*1Ujj1=J q^A^ JabjJ jA lift, c_y£j_j ^.J ^Lu_AVI 

■glyoxalase 

^ UuVl JLiiJi j^i ^ 0j iJiti jkil j-S^jj 

o-aljiJI ^ Ji us tredox-type t> ii&^liLJ ^ 
thio disulfide SI ^Jaias JSLk t> ^1 ^ a-.^.t ^jijjjli 

tjJJ ^ Jjp^JI jj^jM (> ^J-ll J^Jiil cS^j .£-*sll OtJ-^ jV 
• O^jM ^J=^ CjUjj jjJI (_pwul (jlijaJl 



B alenincLJjjiUJIj Anserine Caj^i\ Carnosene cjjjjjjISJI 

L-histidine or 1 -methyl :— Si ^ B- alanine Jl Ja£ jj £y»> acid 
cj*iLjac j ^ j^Vi.nfl ^ n y*. yi ^ ) or 3-methyl L-histidine 

.CjLjjlisill 

:(XV) Jj^ll ^ 

Ajjla Aj^JSSjjiU QuLlI j J Oijjj J^ll i> 4&xJ |»>»Jll '^-Jl LSi^ J 

Meal Carnusine Anserine Halen'me X 



Heel' muscle tissue 0.150.35 0.01 -0.05 0.2-0.4 

Heel" meal eximel 3.1-5.5 0.4-1.0 4.4-6.2 

Chicken meat 0.01-0.1 0.O5-O.25 
( "hicken meal extract 0.7- 1 .2 2.5-3.5 

Whale meal L-a.0.3 

Whale meal exliaol a 3.I-5.S 0.2-0.6 13.5-23.0 16-30 

Whale meal exirael h 2.5-4 .5 1.2-3.0 0.0-5.2 3.5-12.0 

_JI LaIu jULSn ^Xj=c V_uul ^-i Carnosinc — SI jj-^ 
ljS^, Bulenine —SI j^j .«>» ^ J J — * anscrene 

^ Ci.Vnnll oJlA ^Vun'j -lA? 5 ^ 1 j—i** 

^ l^j^Sj (excitability) JU-^VI ^-k. Ujjj-J .aji--i L-fsUil 
ajjl^mJI CiljUaJ JU jj jW* Carnosine —SI lUj I^jj 



Nisin l^I-V 



<> (jSc (j jlsuj Streptococcus Iacts (Langfield N- group) 

Dehydro B- methyl alanine , tDehydroalanine :<Ji« ^AjjjS iul 

.Lanthionine , B- methyl L anthioninc 



1 



10 



r 



s 



20 



He-Dhb-p.Ala-He-Dha-Leu-Ala-D-Abu-Pro-Gly-Ala-Lys-D-Abu-Gly-Ala-Lcu-Mes-Gly-Ala-Asn- 

L-s 1 



I s — I 30 

Mel-Lys-Abu-D-Ala-Abu-Ala-His-Ala-Ser-Ils-His-Vsi-Dha-Lys 
' S ' 



H 2 N-Cj|COOH 



CHR 



H 2 N-CH-COOH 
CHR 



R=H: 2-Aminoacrylic acid idehydroalaninc DhCL 

R=CH3: 2-Amino crotonic acid (dohydro-amino butyric acid, Ohb) 



R=H: Lanthionine (Ala 



Ala) 



Ala) 



1 R=CH3 P-Methyllanthionine (Abu 

CHj 

HjN-CH-COOH 

Cjli_5l£llj Lactic acid bacteria , Streptococcus , Baclli and Clostudia 



\VV 



Lysine peptide gjuytt cAi&a - i 



Gly-Lys, Ala-Lys, Glu-Lys, Lys, 

Qly J 

Lys, Lys, Gly-Lys 

GluJ gIu GlyJ 

Ajli t_Uuill lifrlj . jjSjlsJl cyjJl OJ^I t3&^9J ,jj*J ^jlAj Ljll ei— Aj 
CjLjjSxJI (jk. 4j_£a^l iUclall ^jj&Vl ^ OjwJJI Ja-« l—frtM U-^S 

Proteins ^Ui^l 

^ JaoSJi jjSlI j Ajj^Vl o^U^Sfl (> CdA^I Cjliu jjJI OjSii 
^jjaS! £-» yjil SLiiia^ll ji^alixll L>a*J dlliA j .-UJjJ iajljJJ l^JuaxJ 

jlS Jlft (JllliujJJ JjijJijall (jSt <Jj<« J .<Xa*luSSI Jajl JjJI <J^> l> 

Jaijjxi c&jjiwj&Sl (>a*a. ^ (Jj^d ij'^J (J- 3 *^ -M" 3 U^^J "LW— ^ 
JL» i^Uu jjJjSkil j LiJjwJI ^ ->-* 

s^.-mV) Qia.VjS <(>aull jli-aj u^M *iiL_a-»M ab£j_J <K- casien 

(jic ■*<l\f»jj; J <;M t c5i^J c_ili-al ji«jS j» 

(jjjuSjjaja inbll J j*J& 'DiP 1 • G- gly cosidically JaA>J 
.tei jimiVI N- gly cosidically -WuS J i>«yV 

^ YA 



^auai yo ^ikj ySii Jib jo uui j A^^Ji cai^w q..,\ui 

J U-Uj^uAj pi I -J fSj »> X&Z j-ill 5 

i-i s isoelectric point JjUUI S-Jaiij isoionic point 
ukii-*SI Ohj^I pH -Jl Ji-a ^_Li3 

,<JLJl 5 JAM-" '"-'^.Jjlj 

UjouJI iTjliuj^l jli Jili (jk. J1«S j iu^J^ a* 1 >— *j 



Dissociation <4£ttll -\ 

Jc bUlcl j .AjiwVl (jiaUa.Vl (Jlft <JJJJ CAixo l$J lljliu jjjl 
Ajjljij ilAjjlAS (ClAjjul ajy-a J& i"i,Vv j CjLaujjjJI (jlij pH Si ^ — §j 

.Zwitter ions «-Jai!l *j3U5 oli jJ J j9l£Sll 

oiA J Luj t jlui lafjMj (JjjuuSjjjSJI ^uK«i J tlillujjjJI i, tbaJj 
£uU-« (jiaxJ .»K{f.H CLuUb (YA) ^ j JjJujJ £_ v«jjj 



^uiUJl LjiijjJl J«aU pK _B ^ :(YA) Jj^ 



(In nip 


pK 

(25 a C) 


Group 


PK 

(25°C) 


u-( 'iirboxyl- 


3-4 


Imidazolium- 


4-8 


fi,Y-< , M'l»iwyl- 


3-5 


Hyclroxy- 


9-12 


u-Ammonium- 


7-8 


(aromatic 


p-Ammonium- 


9-11 


Thiol 


8-11 


(iuaiiitlinium- 


12-13 







jaJl Jj Juilill dliu jji3 £Uaftl SjS j *jSI ill ^liujjdl a^j jJ J 

li^W ^U3b l^UliJ ^ ^j^JI Jal^SI 

I>I = lOlogQn + 7.0 

^A. 



4.2. nAsp + 3.8 m.Uilu 
3.8 qArg + 2.6r Lys + 0.5 si [is 

.masked form * jy~<* <^j*>a 
Optical activity ^>Jfdi JbiAili -r 

J lyiyW JiUll fJft J) Cjliu.^ll LL-iill v 

t> jjiUli Chiralily _Ji J] UnJ ^ >j jSi j iaii iu-ju^Vi ^LwoJifi 
tjlu CjLujjjjII v-jjS ^ aaUIJI CjU«1*-J1 j .^IjjjuJI J—JSL* vyj>-J 
Optical o 1 j j"^' J#?-^ cAJ A O— ^ J j 

(CD) circular *j jad V-^ j^ 1 J— j' nuary tlispcrsin (ORD) 
Vy^ 1 LjI jjll ^U-aldi oiic. di^j ,5.1*11 ^ ^-ali diehrosim 

. jjLi Y • « ^ ^ < L _ r ^. J jJa Ale. 

Swelling fcUSMI S>i Hydration ^-3jJVl Solubility <&jjUI ~? 

power 

cji^i kfurmamide Jj>JbJ **U}i :Ju Joii ^uiaili 
JSLill ^jjj c 5L.Vl j^S J>j pi I -Jl ^ *U» ^ jbpll 



■> — I — I — I I I I I — I — 

*.« 5.0 5.2 S.A $.6 
pH 

Sjill S.AjJj cAjLS^ ^«asaa-» AjjjjVI i^jSlI <JJ^ — & J 

jjij Ai& ( uJj^il JjU«j1I ^Lij ) jjiaj L» Jai (jbjill Oj^j ^Afc&l 

cjU jjjVI JaUSJ A_iki»ai Jj ^jj jjJuII liA j o,V Jjo.it> pH SI 

kA£. pLoll ^Ujl£ Ai^iiS* c&h** Jc jiijjjll L^cj .qpjjA} 

jSU&M J t^aaiSl Jl l*?J j ojlj ^li ^j^l JjV«j11 ^.JaSj ^i-n 

L_Uju| J5 i^Jj *U1! llAljJaJ 1*1 jj 4L_jJ ^tj-^jJ&lVl 

»LtU 4Ajl£ll CAiijaJl o# cJ 4 ^ 1 cl& tJj^ 1 iA* 'uAjJ— ^ 

li* j l^JJ^SM <J^l«2il *Jafc ^ Ja. L3ii Jkj 0£jjJl lA* ^— 

^li a^KII j j Stevic repulsion , hydration «dj^Vl 1) 

^laLSuJl c^ljjS Jill Ja dHjrfk 

^jS aSVx^V ^ ( Salting in effect) cMj* ^j* 

ijffl ^ U-Lsio (S) oM 1 frJ&J CiAj -^3-^' J^-ijVl 

.^iiiUI ol jjS jill ^ (U) ^ jjSII 

NAY 



log S = K .11 . 
juc ( vSalting out" effect) ciiUujj-ali ^L-ijii—Aj* J^iij 

logS = logvSt, K.u. 

where 

So -Solubility ai u = () 
K = Sailing out Constant . 

.Salting out effect -J ^ bUel ^VK 

K' Kb' «. Nu 1 :■ < V > I J' • NIU' SO*' » ninili'"' •Uiluic' -.urum- l'\ -Ntl, - Mi > I .- t'NS 

diljjjSlSlI i> I >fib Jai ujSj )il$u]l cali jj-jISII Ui-u 4 jftSUI 

eUll ^ jjIjj <xJe^i jl ijc i jb— c Clliu 5 >J (j) , x j 

f\j*./ fpd\ »UA f l j» ) <i j-tfl tUU ^L^-bjuVI a-ajjj 
CjIjjjjS ) Ovalbumin *JLk ^ • ,yy j^Sj ( omjj-j 

liuil • ,A t ( ^jjj ^S/l cjty^S ^ ) edestin — U • , • 1 i( ^ 

.( 6000 A" ^ ) Ly.so7.yme -Jl ^J*- *jA«j1 ajsIS ^^Si 

jO^Jl ^ Sij j CjIauaJI JJjUi dUll JLLj) J] ^.i^-j tr - all j 

Jb jj Jliull Jjixui jjki .(Jjjj^ ^jjjjJoII ^1 pJl ^ ^$ jlA &\ jjJu ijaaS 
Jjkxu UJsuill plul <)LaVl ,jc- »>• Y,0 jloiw JjjjjjijjAll jL_ju) 

N AV 



UjaxJi ^UuuuSn (jiisu .oijjjis <jm <jjjii <j ■ ~.\.--'& 
.AiUi 4iui jjji s^ui! j> f i ja. jsi *u jj ja. r,n r,o jo 

.1 = 1^ + 0.4 f p + 0.2f n 

fraction of charged , polar , neutral amino acid residues !a: g watcr/g protein , fc , fp , fn 

Foam and foam stability S j&jil cAjjj ^^53 - £ 

CjLLJI aiAj .ijJjJl «t5jlaJl ta jjf* J tjSLajJI AJU. ls _J L_<£ 
Uiu S jll^ Sjftj fJA*JI jJ-ojjJI • UJUJJJ 0 — « t & Vi 
£ j£j (J>\)jll (jiaLu (Jj-a CjUjjjjaSI iajli-* j . lilli (JjjSc L>aiJI lH— a 
»£jC. jll tJjjSi ^jJjjUjisJI (J^joiJ lilua>, SjJjS AjkJ>iJ L>iajiSl 1.1 gj \ «jiL» 

jj=*j <jla Conolbumin 'oiyJI oh>jjJI L»i Sjc- jB ^A) Ovomucin 

(JjljjjjjjJl t.", \y\ j .(JjIjaJI tliljlill jLuajl (Jo S jlio Sjc. j — II j 
plilij . jlxll dl&lft9 JjA liluiLala fli (JjjSj — L & — c Sjo j — SI 

JjjjJI o^ 5 ^- (Jd^J ( ^jaJaui i Jul ) P^S jluEil lj u — Lj — all 

duli ^Jjj ^jSi ctfjj^ jl_^VI Je.L_«yj .^jaL-^j 

.Ajjlill liAcliill 

: jLa dl jjuw 'e^u % jc. jS iIAjS j (JjjSjJ ^^1 O^JJ— j— d^J 

.pliill pH _oLl ^JC. Sjji^-a 4jjlL-a tliUajji JasU J IfiJuJ y_jfMi 
j> 6jO jll CjJij OJjSj ^ UJJ JJjll S j^ll (>al jsJI O^AjJ 

^jftl JJo^ll ^LoS .^LkjIII j WL1I CjljJja^l ,>*4 P l j*l tJJ> 



N At 



oUi jc- ^uii ^jill J>wiJl j .c.Lall *U jlSil ^j^LxaU ji—ahj I — friljji 

^ ^xJal , SjL ) C J ^-J'jJ 9 ( 'IU|HMIU*S Ju Wjliii 9 >m J& 4iL-*i,J 

(id formal ion JaJl 
jjiaj ^ 9 'IfL-Uw ASjui ilispcrsanl ^ ^^luli Ja-.^ l^a jj—li 

JjjL&-ojI (jjj ClLilUaJl £JJ j .e j^iill ^jJt^ o )^Am\\ 9 'O 9 9 *U jJwJl , «j 
j jSj 9 k JiLull jA ;LftiVI Iim 9 1 O'iUj >JI ^jJj >ilA) 9S IfrJ ^Sk. 9J ^j-JJI 
,Jj ji t_is»j 9 94 t'lil'y j>U j-ii ^ jill Jt-liill J jSj (..'.-ua, 'Lum jIq 

^u>ajjl kl'olynii'ric network : v» jj-^yM 1 'V&u^ 1 -w)?Jl ^ >j ' — « 
JsJ ^^wJjJi <SjJJi .ai»uei»nteil dispersions ^- jUuiVI 

^Ii 9 kjllia. jlSJl k ;La>.4M Jjw e^JjJl CjIj ;&~JI j jj J jSlojl 

Ajuj^JI jjc. AajSaII vlAJuJiaJ £-<oj *Ua*J 3J jUj v j'I *Cu*llj A, S , u' . 'v ll Jj jSj 
CjIjwJI 3 . (j 9 j 9SI1 Cliia. ^yjj )aJi lJ — i£ jill -—lii >— J*^ — a. 

•UaliuiJI 3 jx*A jJl )jS ^liiul Ji<ui JaJl J- «■ jill I J — (}J S j aiaI I 

villi 9JI 'liLjJ «U=lJ 9J Jjjmi pi I Aic JaJU ^jj jSj dijAJ 9 .j»cLill i-jyS jail j 

9 Jjja wall Jjj ^ Jc. SJi^a«« 

A,j'i.\.> 9 j-lijJl Jsul 9 ^1 *tlxJ 9J U-Jlc. vl) j — ^-aslJ — 11 I j — Ioj 3 
ASiiall jli JjauJ L«^i& 4j j^oj jJaajj l _ J jJl j dlL j xi l Jj — J 'e>^> 9 — >aH 

aj^ijoj J3S4J JaJi ,jl iIkmiuo rcsvorsihlc >— ^ ^» 
J3J1 a^jiro^aicd dispersion ^ ;UiiiVi W <SL-*i 0-^3 

Jjjkjukill j_£ J 'jj 9 . l^jj jkiiJ 9 I j j-i-^ ...i'i iju «U 9 jSil CjIxu 9 ^Jl aJ***i1 jj j 3S-all 

^uaUa-Vl J-'iU. iis ^j-Ji (jiij >-il thermal uni'oUiin^, lS jL-»iajVi 



JUL Jbj .CjlijjaJI jaj U cJtliu J Ji^i Ujj Jllj ^L-jiUJI 3j uoVl 

tj=» UJ^J J lJjSj ^^11 jjjujjjJ (Jclijll lifc j 3 1 LLjji—i. 

(>» (J* J^jfi jsl^i IS JJJ*- 3 ^ (j* VO* J— 2*^ g^?* 1 i .11 3Ja uil jj 

J^fc4 (>4 cJSl J^3U* (JJ Sj (J t_J a-} j . I % ^ • O \ jj \\\ 

Jc. £-a»jJI ^Jl^il 4-oj!>Ul SJij^JI Aja,J^ A«JxJj i^j^l Jijull ALij (j « 

g& Jill j S-iiUl ^ <jj£ CjII j=Ji (jjj 4^ jjA^l J^l jjll Ji UjSfl 
L^iSI J=JI t> ^-jill li$J thernio isreversable ^b££^j*Ji <>«l ji 
thermo revessable gel bj j=. i^** Jl £ jiil (> J^ll <j_c. < tfi 

LS £ilui5LjdajjJI JaJl (jolja. (j<j .AjjjajjAi^JI Jajljjll JJ (lii—loSI 

.LuLaSi-o jl Laclj £4Juaj J (j£w«J (jSlj jjjiuullj (JjLuJl ^IjS13 JjaJu "if Aji 

£-X«Sn ^iLial lf <_is»-Sl Jc- Sj^I ^ ..- mVi o-^sj 

tliUaaill SJa^jiljj S - LlAijjaJI jl AjjA ulaII Sjii i^all djVjJ_) aJI 

ijjil ^ jl j^ll jjijll t£lli Jc (JUa j h-mihj5 CjjJ — a. tjj-i— J S jjl3j — uwJl 
>fk j^l^Jl i^jUjjI ^iLjab t) jj>J fOl tfiSl (tofu) flaJI bj^l 

Emulsifying effect y^sUUsri j^Sbil -i 

(jaill SjjjuIoII Aa-jS/l j-jkuill U 14}3 jjSj tj— jJlj 

Je Ja«j J (jSaJ CjUjj jjjII ^la 3 jrjjliti tj-ojL-aaJl oijJ ; l? t A i j -\ — «-» 

^ ^si jB A*iSI jiib di^S J >y£& Uj-^^j c A-^ 1 



^ An 



^jajjj^l j ( *U11 ajsw^II ) W.JJ"^ 1 L5^° — "M'ibU 

^ i>j .Sjl jaJl 4*>i j ^ jjVI S $1 5 .pH -J 

ujj ^ J 4^ oil in water emulsion *U ej_jj £ — U 

^1,8 vlllfti* ^ ^ jisu italic pUII ^ AjU tlfcilc SJ > _a >a 1I 

Surfucc hydtophobicity *a jIS U jk* j & *3 j »M >-j& j 
Effect of technological treatments *#^JSUl c£Ux*l\ Jfo 

: l i.)m,i 

. *Lli jjt v^lioA* ^1 JLujJiM ^l^Vi J*>3 

**kl&J JsjIjjJI jjjSil i^xu r ;^W o£}j& l^--*^ 1 ~ r 

AjJsu ^uJsouj .<*Lu3l ^ jlrvill vlilauU (jJjSu Ljaji J J — a ) 

Maillarcl reaction j J^a Jclu .^jojU-Jl jVl j J^— ?Jl 



\AV 



Aijai-oll oUjixJI Ay*.} ^ ijiuoOl (>aA=J E- amino — II <c j — 
!i- N- tlcox y laetulosyl 1- lysine or H- N deox y IVuctosyl 1- lysine 

J jU'jl l j .6 j$*-all oJA Je. Ua.^ljAi (jjijauiSl ^ ji'j.n; .Jl >ill lc 

.toili ujjuuj pyriclosine , lumsine — SI ^ j 

CO-IINR 
K'-CO-NII HI 

1 L-Lysine 
Nil ONIK'I^UJ^ 

l'lirosino 

•II. 1 ()()"( '.24h 

I I'yriclasinc 
CO 

I'll. on 

1.549 tllJiaJi (jl (jSLaJ j ij ^Sojtll (JU <i j..,*Vv*H J— JC. lllbj^ , mil j 

t l j.n<Mj,>i\l i(jjjuulll iQils.jVl '(jjj jail Jl« ^-ajlj — II — iioSfl Lpjl—^xVl 
.Ajiilj^cJI pi I _Jl ^jS SiP> ij J±bi\ A-iii-aS/l (_pal — AiwVl i>=—xjj tjJJ — wll 
jjji iIiLSjaII (jiwu Jc SAc .icl jilU (jJJjjJl JJ=»J (Jjl 3 — J tj£ — *-*3 

ornithine, |l~aminoalanine, lysinoalunine , :Ji ** ojVj 

• ornilhinoalanine, lanihionine, melhyllanlhioninc and D-alloiso leucin 

Jc. >a.^l lS -SH^^I lP* 1 — •*iM 0 ^ju (^-Jl ^il — L^Vb 

jj ^3^1 J ^xLiiUi 3 ^Uli OjkUi ^jfej ( D) sjj— M 



^AA 



Name 



3-N-Lysiiu)alaninc 
(R=--I1) 

3-N- 1 .ysinn 3 tnetliyl 
alanine (R* I'M,,) 



.WOrniihimialanini" 
(K.-II) 

J-N-Ornithiono^ methyl- 
alanim- (K-CMI..) 



Linthinninc (R--I1) 
MethylalnniiRMR I'll.) 



3-AmimialiiiiiiRi (K II) 
?.,3'l)iumino 
hutyric auitl (!<• CII..J 



Nil 



ftmnula 
( '1 INI l.i 

I 

I 'I lk - 
coon 

C'UNIl. 

I 

CUR — Nil 

coon 

CI1NII. 
I 

CHR ■ 
COOU 
jcUNIl. 
CIIRNII 



S 



C'OOH 
JlINU, 

I 

(CU.0, 

coon 

C 1NU. 
Cflljlj 
C< )OU 



INN, 



cn, 



uiwo. ^Uiji JiU. j—« ornithine jiJx>)^\ jj* — ^ osO—a 



C( )()I1 

I 

ci ini i. on" 



(CII.i, Nil 



Nil C. 



Nib 



j'OOIl 

C'llNII, 
" I 

It'll,), 
I 

Nil, 



t Nil- CO Nil. 



CP uAjJ^ ^ Jj ^IjJ (D) ^ux»Vl u^L^Sfl fL-ij 

a1 L.isoleucine ^ JcUill j . 2 C- Carbanion —3 ckjl* 
D-alloisoleucine _J o±**l 

a] j diosteroisomer <il J (D) —31 o^^Vl Jb cp 1 ti^ 1 j 
J*^ U* L- isoleucine —31 t> «-*^a^ retention time jj$Ja o-Jj 

J] Jl*l»ll pH —31 ^jo AiUJ J o£ jjJI iS^S—ij 
E-amino _3I U isopeptide bonds ^Aiiujjji um-& 

aiJ 0& jj jS UUJI J liull j (jAuJiil (_p=i «k cJ'fi *\*\ groups 

>t >i\j jiaJI J «4ul jUuoS/l [>wa. ciLSLiui 

tJijJJ^ll ^jJuJcxoIaJI (Jjiajll puia2 ^.liiiJjjjSn JajljjJI fti — *j 

.J*Li3l 

•methionine sulfoxide ^jiL-i u^A^ 1 4^ ^ j«j o& 

co - co - 

I I 

-I-IN- C-H -» -NH- C-H 

I 1 
(CH 2 ) 2 (CH 2 ) 2 

s s = o 

I I 

CH 3 CH 3 



(D) Will oj^Sj ^ (V«) j^-Jj J 3 a^JI c-^^jj 



l'mloin 


Heating 


. ... 


... 




I) 1) 


1).. 


1). 




time 


Asp 


Ala 


Val 


I ,cu I'm 


Cilu 


Pho 




do 


C.'l 












( 'asein 


0 


T 2 


2.3 


.1.1 


2.3 3.2 


1.8 


2.8 




1 


21.8 


4.2 


.'.7 


5.0 3.0 


10.0 


10.0 




3 


30.2 


13 J 




7.0 5.3 


17.4 


22.2 




s 


32.8 


10,4 


7.3 


13.0 3.9 


25.0 


30.5 


Wheat 


0 


:u 


2.11 


2.1 


1.8 3.2 


2.1 


2.3 


( ilulcn 


3 


20.0 


13.5 


3.0 


M> 3.2 


25.0 


23.3 


I'mmine 


0 


2.3 


2.3 


2.d 


1.3 3.2 


1.8 


2.3 


DtSnyii 


3 


30.1 


1.S.M 




8.0 5.8 


18.8 


24.9 


I'iDlfin) 
















I .acini ■ 


0 




2.2 


2.9 


2.7 3.1 


2.0 


2.3 


Buiiiiti 


3 


117 


0.2 


4.8 


5.8 3.d 


12.2 




H,0 " pM _JI X* 









. f "\0 ijl^JI ^jj, 

pH ~JU i»sa Jilij V lysinoalaninc —II ui j&i J £_ *±ul x_Sj 
(.53 Lysinoalaninc — 51 ^ (Y^) Jj^Ji ji^s 

kAjjiA cjjjkll C'-m a j - «1 > ji bcllwa «loU-Jl Ax-iliiJl Cil>l,,ull 
j^VI JjiS ^jjJLjA" jijl jjSlj £-Uui>U ^jj&Vl -^j— ^ J 

jjii tjjjVi Jjj^i a—* ujjjj—jjjjjj' Li - * — 

HIM/: c^Lkill ^ lj* i> '-i^SJI 

ciiaj j— a 3 fluorescence detection or cloclro chemical detect 

,s ji^Ji ^.^3 g-Uuiyi aji (jJc 



Lysinoalaninc -ii o* j±* - :(n ) ^ j 



,,,,,,d Origin-Treatment ~ ~ Lysinoalaninc 

- — r7 — , (mg/kK protein) 

h'unktiirier Kiiw q 

Cooked 50 

Roasted in oven 170 

( "liicki-n drums Ruw 0 

Rt lasted in oven no 

Roasted in micro wave oven 200 

ligH white, fluid 

linn-white Boiled 

(3 min) 140 

(10 min) 270 

CM) min) 170 
linked 

(lOmin/l.W) 350 

(30 min/ 150V 1100 

Dried enn white 160-1820 

Condensed milk, 

Sweetened 360-540 
Condensed milk, 

\ Insweelcned 590-860 
Milk product for 

Infants 150-640 

Infiint food <55-I50 

Soya protein isolate 0-370 
Ilydrotyzed 

Vi'i'Ctahlo protein 40-500 

Cocoa -powder 130-190 

Nu-caseinale 45-560 

Nti-euseinate 400-6900 

Ca-enseinate 250-4320 



Denaturation Uuj*jj ^ k^su^ll a—* o 1 —* 

(illi (jSl j tu^J 51 c> OJ* ^J* O^M 1 i> *J»*Jjf 

iaail JLjajua .U.l£ Sijju* S >Ui3l eiA *3j*-« t> ^^.1 

^ j^Ji jSj .ciiliujjJl JU ^ Parameters s 

Denaturation 

jLaVl ji3 jjjU 4p. jl L_uS>ill ^ ( >-ji ) J}«>-*3 i$l J-* • 

JAB J jAtt-JI o—» Denaturation ^ — . 
.^jLj^SI jiJB JSl ^jJall o-J^I u-1 ^Ij-jtf 

J^ SjilJ ^1 j-» ^ dUiSj ^ jj^ ula JJ ^JJA^I 
.^jjll J^jjB u^Ji f^Ju ^ ^ajiB UjJ 

t> JSi j\ s^i j tf-dAJ* oAj-^ 1 ^> <j~* -^-^ >-* # 
J*Jt\ u&jjfll ^SbJi t> Denaturation j 

^'\r 



: 0« e J 3 <^ Denaturation —SI c£mj 
Denaturation of protein ^l-m-OlI .ip. ^11 ^1*11 <Jlij*j11 1 J 

iA>?^ ts^WjM J tsJ^ill c5 jj^l S-yS Jill ^ tjjiu (^1 4j1 ^ic cjj_*_ia 

jjuS JJc. diliA Lid lilliS cajfcUill ftj^l ^Lll t-jjjaull ^ ,3x01 US 
<_Lljxllj CjljJjjjjIl Ajxjjall (j^aljiJl (Jl» ) SjJjUaJI t_bl jatll ^ 

4jj jjS/I o jail t pH i j£ Jill t(>a | jill ^ j^l J] jj-JllI 

•( £jl_pil ^_pj 

tjLuj Ajauulall ilAi-all jjl jjjull SjfcLt ^ lr. Jj.ill ^ li« 

jjJull uiiuu ^1 iliXoUu-vll J* Ulij tpUll ^ 3bjlill tJiijjJI 

JiOlij .SjjUII igljKo ^ Cjliu jjJI ^ Llyja.1 ^LwJAkll tliU^all u a 

U Ullc. Luj> <ii-^all CjLiujjjil dili.-all (^i j A"!! \c j_ui J 

^Jaojjl jJ lilli ^jSj *J/ L)l Jajjuij UJ <jSt£il (_g flll Uuuaijl UlS IjJjS (>aajj 
t5^ Jrf*^' *jl "^J- 3 O^V^I U£« J^l (_s — 3 .i i->"ill <J — l*c 
t Ju^u grji.^; Uaag ^jjll Sjl jaJl Aaj^ L\j! (jio diijc 3 wjil-ill — ua 
.S^^»-all (JJ^mAII eJU J*J jlaiull pUll ^ O^J^ J— J—F- LfcPjJ — *il 
SJ ja. 2L>.j^ (jio (Jjiuaull SJauiljJ ^WJflall £ilJLall ^ J-J*Sll (Jj—*-«j 
jib <Jjli jt-oall cW^Lik <ja .Wjil ^Jjlajll bjlj* JJ«} U? mj 
lit jilill u-ij <1 e"^ ' J {*' V * ls^ SjtoJ J ^ 

. ji jUi ^ %t e j % u ^jli ts j±a o\s 



SJjaJI ^u,!jj Will CAJLaA J ~\ 

jA CjljijjjJl ^. )n , j:Vil l tjJ jaJl jJiiai IjLEul (JjAJl £— o— 4 

liuj UA£J -M>* Uj** *W-.Pj J^ 3 i> JS IkJ jj 

.^kiIU. c$ jlja- j}*^ 1 ^ J J-^ 1 i> ^ >- ^ u<™: ill 

j Plateaus o i j t^ui pH — SI 

Jc pH J ^ 3 s J 1 ^ 1 0^ fc^WI u-^-jj 

.SjljaJl U»JjJ Uj^Jl Otfijwftf Citt^l J J-Jwll o-jJ JL-ij 

.V,1 - pH fS j Jjk* ^ jLoaJI (.^uj t>«>jJI lij Jli—oSj 

6jaJi Jj UKmj CjLujaJI J ypLoS/l j^^ulSfl (j— c >■ 

r ^\\ Ul}U3 Jj .*t5>JI J* WjPj ^W^ 1 ^iawJJl 

.(jjjuojill ^y>] -Usual jj 

jjjlaII ji JsOw .{jjluUjall jij <Uawil JJ f i >ij , H 4-llAill ,j — S (jjj — uia^j 

AaIxjj iCjUlujjjII ClAjjjsd £i.ia>-» .SJaw^la S jl Aa. ^jc. gulill 
j^Jill t> OUjJ Oic .jai-Jjl j S jl _pJl Jo ^as^II I j* 

Uiu <a J jaJI ^ jJ SJU j Ajjj ^ >Jl J>la jji Oi^ 1 Sj "J Ph — SI j 
Ajjljsm ^LoUaS |»^aJl J Jbjj jaJl (j^ AjjIj » jl J — =^ 5 — a. -ii— o 

ll.V pH 0^ ! PH -Jl J yJb A»JX1 ^loll ^^jJI li_A J tDj al , l «< 

JjJJl £.1 Jl r,0 pH Uiu t> oiii_-} J^Ja A, . . pH 

jmIi i^XuJi jJbwJi jiu ^ <su ji jjii o^^ 1 

.CjUiijjfll j-ia^j J Lu> Ij^ ujJj diU^I UuJa J US 



J^L-oaJi j£^u t^ili Chymotry psinogen L^jU'^Jb^ lj&jj^ 
ultmucntrcl'ugul aJUJI 4jjSj*li s^jtkil SjSJL J^U'iti ^LkJ ji <j L 

,<J* / ^aJU X (J* Jai a jjSji UJ^J toJlic (Jiijjjll AjauJall (joljiJI J 

• ^ ' £ /jS S J >-=»■ ^ — =>• J^J V", * « Y,0 pH 
Jjisk^ii uu j ) aj$\\ <J *JfUl (J" 3 ' J t5 U ^ D J si" =^J 

JL . VA ^ic. tala. UuiSc V >=u (jjjj ujj jj— j .chymotrpsinogen 

jlSliil UjIS jli pH .lie. jJil* Jjlau. J qp^Wj 
u ^ , ^"m VI lia, jlji, Loijj jjii ^jju Ajj£ Jtu Aj>uiijj jj— all X» — jfyl 

AajS-i t . eOttl Jc k jL**x\\ CClCStin eJp—^Vl ^k— "IjJj 
i> JSi j i .1 pi I ^ ^ ^tjjjjS ^ dJj Jjl^x 

.J jUJl Llli J^i 5 5 (i* V > A °' A P H ^ t,iLJi 

t o,A tjjj \ « » pi I cr <Jic AjI^Ij Jija. ^-Jc-i pH .Jj-cj 

V V,A l.r pi I OjUJ tujau. j3 di^su £pLA\ Jj— kJl ^J-J li) 1,V 

<ja %o ja-Sj >..jj*mj V,o pH j ^ • ' "Jj-^ *-^J* 



Lysine ca*^ >y-Vi ^ u& *S>a£w jj I] 
gti >JI Uufafl Aku.iirf W O^l^l J^ 1 

.0.13a-a aJuJ Lw i all 
T ^oi / *\ • • » O i i « (Jjji ^ jl jjl) JeuuJb , \'» C I — «L«J iJ—A} } 

t>*j>Jl ^ J-S ,\r>; „ .olb >Jibu V • pll 0— " J- 5 ' 1 
_J SjUjj CjU^I aiA JaUu Jljjjl * I'll Oji Ul Jj^iJjfij-jS]! ji 
JS ,> jiu Joe lillil 5 ( Y,1 pi I .lie U*ill J) Jw*> u-Ja. pH 

6, » » pH -lit Y fuuj / fOkS WO . , k« >J nl Jauu >i >>uSil j lOd* 4 ^ ij—* 

j j<u liA \mj£ ^ >u-ll Jj~1U-» (CW-^) 

uj^j w»j ^ ^a^Ji LxJbib uiuuu. y ^ ^ ^ ^^ui 



U^ljiJI ^ j^l J** 0 li i,A pH iic. ^j^l JjULJI :LJail y-JI 
^U5j US toil ^ Ls ^ u d\ AijUi J] Juaj JLixiJl ^Ul ^ ^uuUl 

.Ajjjjui Jill (jAyUull ^LkJjj 

V / r * ' * c> J3l J*u±i ^ jibj V s^l 3 icU » V 

SjaUI aJU ^ J^ajij actin u£SVl <jli / ^ £ * • « ^ , , ^ 
Jl Jisjj t > ! w jiSVlj depolymcrization <jL«Vi A_JlaJl j^JJ 

liiajj .O^ujxJl S^Laj J^^JI ATP ase pjjiV awSj— « 

o 1 ^ 1 ^jjUi Vj-ij ujj^ 1 uj^ 1 dp J* Jaj^b 

Mechanical treatment 3j.</iKj»ti *id**ll j^b -r 

%»3L» J*^l *SU, J Sj^l <i J>a ll J_^U-, Jja-ju Ux^l jj 
JUU. ^jiliill jjjjL djUpjjJI ^ i^SjslI »Uj Sic) j jj^SSlI 

^ifi^l Cjjill fjjtfj *U!i1 JS*^ jjc. j^jl^- J^-A 



a^uii ^s^i aujtt Xkuiji z#ujhi\ u-aijiii j, j^i 

Ultrasonic denaturation 

Ujjm Jjaoi uais^ ^jU JjU^ ^ jj— j jl> yuA — lilS «a 

Jc 4jj jx*all CjU ^<JI aOA. OS jl ,jc. jjulj-Jl A,>„ wjiMI ^1 j ij| 

CjlJU jpll jJjlj Cum l^flJj 10.l3.ac. *Gi j » 0 (j — S4I CLiliUjj J| 

£ jyu* Ufiljj ^.a^Ti jjill Quui^Vl CliLu^a. jli A4IUII Ajj^all 

.Ct)il Ajjjjk 

Radiations cji&u^vi^- 0 

fto (J^VI jc s jhc \M ,jjL J jVl >J>ti]l towj>Jl ^j-*J 
.jjhli # cjii^ili juj L-Uiuij Secondary bond <j^Ij1I Jbjijjll 

jli dlilj -o^jjJi ^> aggregation h'ragmenletion 
Ji^XJi idjUl ajLI* £U£yi> <U**li ^AiujjJl i> jjjSIi LiSjL 
.true deneturation o 31 ^ l> j^ 1 

0 jjuoill CjU yh fA*Jty\j Olui j^-j i_i*U» - 



^ eijjllj £)L^stih aJojjj* Splitting JJ— uiSillj ^A-y'x \\ 

splitting ji^lj denaturation <^AA\ jaJI ^ - 
(jjj ^ Luj^Si JjUIaSI i>» jjJI coagulation £-*xS - 

.pjjuall ^JauiljJ llAjJjaJS ^jxjjall u*a\jsA\ ^ JJXJ ~ ^ 



Y « • 



CjIj iiAi jjyi tliU-inJ ,1 lilli Uj dilyi^l u w,, »j 

J^ijJajll Q^ljaJl AxmIjJ-Y 
^ f.^wil {x*sli ^ gliadin iglutenins oUi JlluSj ia^A^I 

.S j& j]I (jj jSij ^ UuiLmiI I j j.3 w-JxJj ^ ill j l ji»JJJ , l J^jJI *tJJaJI 

.IuIiaS/I (j^aLia-S/l i-ySjS-i 

-iligeKttibility f-^i 
.nilrogen balance cr i»a. j jpuill jl >JI - 
.Protien efficiency Ratio |PKR| ujjj^Ji »*U£ ~ 



Y • \ 



<Uti£jjA\ ^ l^laiioj ^icSfl t£j5a-» :(fY) (A j Jj-Ja. 





Percent Protein 


Food ft<?JM 


( wet weight baste ) 


f , ni"<*fll«fi mid nsi*stti 




Rice brown lontNprain raw 


7 9 


T£ icu whito lon&wcrrain fibular raw tinrichud 


7 1 


Whcnt flour, whole-groin 


13.7 


Com flour, whole-Brain vellow 


6.9 


SnuuheLU. drv. enriched 


12.8 


Cornstarch 


0.3 


i/nUj jit uuucin 




Milk, while fluid 


3.3 


Milk, skim, dry 


36.2 


Cheese, cheddar 


24.9 


Yophurt nlain low fin 

JLV.'K'Hm L , I'tUllJ, IWVY LULL 


5.3 


FYnits mid vegetables 




Annie raw with skin 


0.2 


AsnaramiK. raw 


2.3 


Strawberries, raw 


0.6 


Lettuce icebem. raw 


1.0 


Potato whole flesh and skin 

L VILLI Lvif rrll\<IW] 1 IwOU 1411U OlVllI 


2.1 


Legumes 




Sovbeans mature seeds raw 


36.5 


Rcan*i kidnnv all tvnes maLure steeds, raw 


23.6 


Tofu raw. firm 

i. VI U| 1 HTT | 1 ll III 


15.8 


T'nfii niw ri*friih\r 


8.1 


Meals, poultry, fish 




Beet, chuck, arm pot roast 


18.5 


Beef, cured, dried beet 


29.1 


Chcicken, broilers or fryers, breast meal only, 


23.1 


raw 




Ham, sliced, regular 


17.6 


Egg, raw, whole 


12.5 


Finish, cod, Pacific, raw 


17.9 


Finfish, tuna, while, canned in oil, drained solids 


26.5 



Y • Y 



^ jiSfl Aj^JmJI Clli jS-JI J cllliu jjJ fJaA (Aj AAjjkll siA ,^—3 
(Jjjj^i flj J&luu jjl -W^ 1 U^>^ fl-i^Uj ^liUl 8JLU 

SjjU. ^ lh"^ Jj1~ J^ 51 'tfJ-^W 

J\ Jjaoi £g» '^d-M fJ^** O^^Vj ^jSl--M ^ljjA_Jl £Aj_,_J 
^9 flail l«J JJ^ 1 LP J*^aa^ l gj&ll ^— 9 a^jj-lu 

'AhJJi ft V 1 CjI jlaaJI ^Ja^J UAr Jj»l.i_J£ p LJ 

: U UjjUl ai$J ^ J^ 11 0**^ J -LSy^ ofrsJ^ 

t> ^1 Jajk* aiLil 4wj^» ^l^-W 
Uill S^SVl cjja^I ^ik-^Ui 

Aiu^jjAil f.lJilu.b <J*Ij]1£ jjI^ jt** u-J iiLJij :j jhW l -X 

^jiliLull c<jaUill '(JfijJl tj" a^cLuw J*l 4iU<a) ^1— J ~^ 

p jjliiluJI JijjSl yjlii ^ Uajli* J j US IfLoii ,JJJ >J' 
US caj-afrll ^}Lc pi ^ JUi ^ :V ^ouiij [jaUaSl CjIjjjjS j 
JoUu> (J^US ^» joiljiUI AijuuSI (jjli j (_>iUaSl (ja Xi£=*Ji ^liiluil 



tSlSi j t JwA . rtl l f gull jjjj ^» jpj — uali I— 5il L^al -V 

JajjS J**j cS^JIj <jw3jll t> Ltf>Jj^ ^ J*3l Ls— 3 — uwll 

SjjU-hIIj liljjjjll (jixftlsN Jjla-o ^jfl ejiilfo Luj-oVl JitiSj ^ — J ~ t 

Ncsslcrization jl jlii cjIuLSSI s j__ f h>"< J lj-S-w -° 

<JjSLi A* ■ M ( J 1 ^ La _^oJ <jL-<a]l AjjI^xII S.iLa]| 4-ilG. tjaJa 

.^LuiUi* 2Li»Ji J i_i2Uj [20 mesh ] 

M fJdi^ 1 ^^ — " ^J-* 51 

.pUIj co 2 



jaLaj '• i \;"'„' J.'^ (J^-mI-n. 4jjlx-<J SjSj* Alui£j^Jl)1 
Hd aJsuJjJ JJ-kftll ($J3* — *J J . j l x ^II - 

^ N 2 ^11, - NH a cjliall, = Hcl £&-3\&« ^UL^Jl - 

, "* UHkJJJjiU % • 

(J jj X \ • • • 

J-qIx-q (jli lilj Nt %^ tyl^ 1 t5j3 — »J CjUuIj j ^» — 

^ . . 



N 2 % 

l,\o x N 2 % - '1 u£jjJ1% 



Y • o 





Percent N. protin 


Factor 


Egg or meat 


16.0 


6.25 


Milk 


15.7 


6.38 


Wheat 


18.76 


5.33 


Corn 


17.70 


5.65 


Oat 


18.66 


5.36 



Biuret method ^jj&JI :Lijlj 



^JojI j Y JaVl ,jSc. (jjka ' .' >j ij— «JI ) Violet-purplish 

(J* / cjAjJ^ ^ ' ^ ) LlPjJ^ Jj^-* l>> <-)* ^ J 3 ^ f*i ~ ^ 

js fii^r. J ^ o ^>h sjja. ^j-ikj 

Bovin (BSA) i> j&j <> d«c -i 

.Serum albumin 



Y«1 



^1 «u^l J ^jjJI J-^&l ^ ^-i*3__J ^Ji 

jj^SS JLJ t> jAj £jJ t<>l^ ^> (> cJSl -i 

du* I-owry ^jUu J* 6 

Jt«j ^ ^jlill j^lll «JJiij l^jjJ' £^ -* 

.Pinkish purple colour kj^jii ^ 

^UxLoVI fcjSji ^ Oi"l J ^> ^ 



Lowry method is jjJ QiJ* 

Folin Jjailj ^jj^l Jelifi t>-J 1 — * ^%_>— ^ lj—* 
Cyjjj^ 1 tr-A^^ 1 lP*— ^^-^» ^Sa— Ciocaltean phenol 
J> yAo <iplja ^ OjSUI tSjjVl O^Ij -^jji* (JljSij-Jllj 

jiS^j LJjlJ L« 3jJba 4j£AjJl (Jus. (_pajij ^LiuiLuiSM <AjjJall (Jj^*J j> — J X-Sj 

Ajjiill a*j KNu tartarale NaCo 3 J.j--^ pi-j ~Y 
a-ju CuSo 4 KNa tartarale NaOH Jj-Ja- u>L_^} -r 

Jtliill *\ja JaU> ^ fJ jjixiuJll ilu^. Ojijiil Jjk- L_il_^u -£ 

•(J ^ • / f b ' LS^ O^^'j 

j£ ji jjiial Jlli j aSaj 13SA t> d-LjS i^aJ* Jj— *^ f 3 -^ -1 



Y • A 



,<j* uijjll J 38 AjuSiVI ^jla JUuiLuo. t -*XMa Y • ^ • -"Ul 
.^jAijaill Jjjjla (jc £d o^c. I jW , ».-> , £l£ -£ 

.Ncsslcrizalion ^mjU ^Li* Vn .,. U> , j 

.aJuxJI ^ SjlSo # I Jib Jal -Y 

.3jc\jji ^ ,0 ^ (Jili. U'jlja.) (jSaj tbfuu A.]aj»u -£ 

. (JJjj jjJI JjS _p S jjiLw ijjlll >.,. unify V — Y 

^ 3 iY\\ < Cila.j^J S^C j-iL-aui qa (JoUull j^jic. (JaJjEi ill!. a>j ~V 
CjIjjSJI! 3 JajJ clilim jftll JjIUui vlil,\j jUI jjj^ ,.,.11 

fjjijAi ^iij^s objS«ii a* cii jjs^i -t 



Y « ^ 



Bicinchoninic Acid [ BCA ] 3Sj> :UjIj 

apple ^ ^u-Uill J ^ I— • j?\ «\\ tii.\ .tij-M 
•b£jj$ j£J> ^j 1 * purplish tSjl l^** greenish BCA 

BCA J* tfj^nsto BCA opjjJI Jjk-i^k^-^ 
<ii\iijjS ajjIS b jjua cjUjjj__S ) Sodium salt 

. \\ ,t O Sac pH li.u^i ( likmLaJ 

\ / JUjii sjj* -Uj^ J i5 r . / f>rv je. & .^vai -x 

^SjLuJI Sjlj-JI lS-^] jL&=J ijj 1"' / p*\ » jl <cl ui 

S jl^>=Jl ^-J^ (jj 1 * 'j*" ^JjC. JaSI Ajuii mill It AaJ JU 

Jji. j ^ jJajjU O'W ^j-^J* (Jjla tjJc f_yA l^LgVI Spl J — a —V 

•BSA ^l.vVwnlj (JjLjS u V> La jwJit'i ~ £ 

.OliujjJI ^Ujjj (J> CjVU ^ BCA ^ jJa jJ-iiiJ pJJ 

micro ^uwluo. «lsjjJ 3j 'U'-i luia . ^ijji* 

lL5JJ ]^j> !)U3 cUal ( plj^jjSa- \> s° ) BCA 

Y \ • 



.(Jal£l ^ JsJjB V UiiJI c 5USfij Axij^S/l liUfciJ -i 

denaturing sj&xJI «-«-^ ^ ^j-Aj^ ™° 

( lijja >4*» r J Hcl Cj&-*j* J-b* £ ) reagents 

<>jll s- 1 ^ w ^J 31 JJ-W ^ uj 111 
^ US is. jjll JftUSB ^ JAJJU 41>~3a-JI -y 

UV 280 nm / Absorption method 

UJ lilUi ^jjj 1 jJm jili Y A . J>_L 3 J? , nil il l 

^^^V I >ij .^liijjJi ^ JUj^jsli j Will u^Vi 

^ j»^aJiuU jl (j— 1*J I JlftjjU YA» J_jJa (jk. Lh al—... ^:u VI ul— i 

aJ jijjjj u] itij* j Beer fl**^ '^^jjtf J—i& 
uniguc aromatic amino Aj>Wi V**^ 1 lP 8 ^^ 1 i> uJ^*" 1 S-^J 3 
extinction coefficient molar molar absorplicity uM ac ' tl composlion 

& £*Jl jj^ia tic O^JJJ J-^l >i-J& J S^-W U^Kol '[Em] 

yu 



:*jfcB (jiS jj^li j£jj ujIub. ^ -V 
A = a b c 

: Where A - absorbance dua. 

a = absorptivity 

B = cell or cuvette path length 

C = concentration 

qa ^jaJll CjIa!aLoj (jilll i£jxuj) j j^siii I j !Ln_jj\j Y A » u a* j-a (Jj L 

4jL)jlall ftifcj tAjic-Vl ^ Ajujuj-a Sjjju<aj ^JiiuU ^1 1 gii V] QUjJ ill 

jl -LlSlj bjy*a (j3 (j^JJ^I t^ji^J cs^' -ilj^l 6-ll=>. gJljj (^g la*J 

(JLq Sj4JjH A J) i iio.II J _y-all ^ <_£ jla Igj-ea^Liiuil ^3 u ill llAjjJjJ ill 

Sjjikj-all AjAlujII Jajlj^l (jl (j-Q j*&_)ll 'J^J* ^ j^J*^ ^Jj^ 

Y Y » \ *\ • ^ 3-all J jjall Jj& L^LuaiLoVI 4jjJS JJJM JJ — $ 

■UV -Jl t> 

(J^lml (jLaJ tUJjS Jill jl (jAjJjU tfi Mf^ V -V 



Y \ Y 



O^J 1* "Uuull .IjlojiU YA» i^j-dl J j — laSl AV, j. ^J2k__juiiij| 
Y*\« ^k. {j-aLaWVI u — SI j—lajjti YA» .\'v c (j^ l .^"m VI 

(J^al-^Vlj (_><aUJI L^alwaJuVI gaa^uaS q ll £ll u j& 

j^jj U ^Kiiill U 131 IjLa jjlj Y A ♦ ^ y> J jl, die. Aj j^ill 

I jLnjiUY^W .lie (j^aLol«VI Jl IjlojjLj YA« die (j^L-ol^VI 

U (J^LoIqVI ui^l ^Je JUU*j AhjL fl.lVi.oU U\J ,>aL_iJl 

• tjlo^jb YA» t1jj*^ib YVo jjjj 

Oi.Ua.Vl (> ^ili^JI ^jiiSfl ^ Cjliij j^ll OH_jxj "Y 

.b>u, tfj&U kjiujl AjiwVl 

. Luuu S jUiill 

Dye binding method crtV^ Jai^jVI :luuU 
Anionic Dye binding ^j^l alifuol^ LUi jVI 

laujjjII ^ <^ja >J| ^Slill ^ju-JI U o-ijSiLJ 

sjili joiJl ^li ji j jcuai ^ i^bs ^ ( ij^i ^ s<J tjj_j|) 

Y^r 



acid torange G Ja& amionic sulfonic acide dye —11 q\ 
aj-JjjSISJI £j_^UJ ^ i^j^ Amido lack 10B orange 12 
J imidazole *o Jl* ) ^Sfl p± «J ^L, yj faj-^jJI 

( OW 1 uAhVi (j^UI Uu^J ^ijili ^jii ji ^.^^ 
J [ 100 mech ] **** J±a* ^ ajI^u UaJl <J__=u - ^ 

^ 5Jafi^ JJiJI Jjk^U L^aUJI jj-aLuaUVI <J*LS -T 

.l$J (jjoiba (j* ^iii-aJl jjSjS jj^sjj jtwljll 

jjSjj ^jSjjj ^jSluu yJuLa ^K'm j^io Jji-asJI - £ 

jiijjjl ) Ajjlii i±A ( JaUIS aSjjIu Sj^*11 ) ^ 

• Last square *3j1>j regression equation 

,-. lS..t,".t | 

jj^sj] jjiiijia ^jio AO AC — II Ja^jj OAjjj^ 6* fj*^' '^j — ^ 
Acid Orange 12 ^iaJLuii L»*l^.j cuUi.,<a,llj JaLujVI ^jj-jII 
•Ofill ^ o^jjJ! j Amido black BIO p^iufi 



Y \ i 



t> tJ jiaJl Olaoio ^ jo=m» ^ Cjl jjjiall ^ f.Wi *j JlJ -Y 

JaJU jj V SiiucJl iJlua. ^j\.n"ill jX-i. ^liwoJI jj, ■...•■ij Hl 

dJ^j JUill (jiuVl t>u>L=Jl (> Ul ^ Oliuj^l ■ ft -^ ~\ 
jfku cillLj tAiju^ll ^bj jVI t^Jc. j^a ^ . ih 

jj& ^to >3 JUL, ( cAAajtt i^ISII ju ) jjj j 
Properly buffered reagent f v^'.a» ^> i i; -. r -. 

Bradford method Jjjwij* sU^l* 

( 'oomassic Brilliant Blue G. 250 
t <a ; 3il JiUli ( redish 1 >«*-»M ^1 ^ *ju^i ^ ^ 



Jj^£ ^ Coomassic Brilliant Blue G. 250 f3_j -\ 

,%AO till J jiuijiJl (jixoLs. ^IjiluiU Jji^j) 
.J^jjSJIjj (Jlj £_* BSA t> JoRa-allj ( J-o / 

.(jjuiball BSA (.jj^i* (> 6 J*^ <y OAjJ^ j^J^ 

jjjJaLlajll ililjj^j ft jjjfll ^5 J 1 '**- " Jfepiiil g»l 7 b «UL jUl sift ^.Vr/unl 

Ji^aJ CjLixSL} Cjliu j Jill Aijjlall oi* J^^" ("J -O^JJ^I 0 — * 

.(j Y Jila Jc-UlaM fUi) yl«J til}* A*jju AajjJa - ^ 

.K+ «Na+ «Mg2+ Ju ^bjiilSlI <> JaJJS ^j-^ ^ _r 



Y\*\ 



Triton X- 100J&-W j*** ) cjliliiJ JilJS -\ 
.proper control flAiUj l« ■>,)-> . ni 

<> ipuJb 6-4? o 1 oPj^ 1 ) k-^ 1 " Y 

Ninhydrin method CxjW^ :U-a 

sj^5*1i ^JjVi i>*Vi 'W* 1 J&iia 

hydrindntin uuAm^ 1 0 - 0 pH ^ J^-* <> up^ 1 

.Ruhemam purple colour OjSj 

1( j \ 0 ^ fU* ^ *J>AiVl 



uv 



(jiaUaiU ^1 jjjfcU, AjioVt £LU^ CjULc j!JLk AjA^JLjII AuIjj-JI 



• lIaIaIIS AlljiaJ 4jjl3u UjoU 

tc^lAiujll t^ixi^S/l (jiaUa.Vl 0—* *J£* — »*» ^ -b r j ""^ 

(jjjaaJI t> jjSI jj^Si s'J '"J Lj-j^Vl l 2u_l J S/l djLi_u.Vl 



.^1 (jialikil -Y 

•LtfJjJ^ 1 (A3 s J* <JS <j3 cjr"M 

^juoSli .jjulill (J^lll t tV'i^j AJJJ^Vl (jiaLaawVl 1 ■ u£ JJ L-£i\j — £ 

(^waSl (jJl ( j_JLo_jjIj £ £ * — c. (jJjJ — jll u*a\ — l-cooI 

Turbidimetric method SjLSsJll ^hJ* :l *- uil2 
*TCA i> ( %^ ' V ) a^LlaJ £dj_jS Jill pl^i-^l 

i m.ii ji ^ 1 11 (jJa^i a (jfl AjjlAuvjjjS ^jJjuAjjJIj liLluullui jsILji j?*>o\^ 

U <S^c 4*^ (jS^j Jlilbj .QpjjJI *i*J ji lA C^Jj' 

.Jjk-ll Qpj Jill JjjS Jij A*u&\ ^jilii t> iiaJ LK^ll S^i (JJJ 



ApxyJA till i vJ^lij ^ylu j ^ j — aitll Jja. j lull j J Si V "" Y 

CiV^A-aj ljuu^ju 'Viliswcjl CjUjj jjall — \ 
.V^-^l JcUCJl ^ jjSji UttliL di^UJl jaSxill vJftLiil -Y 

Dumas [ combustion ] method 

<J Thermal conduclivily tlctccor (TCI)) ,5 ) ^Ji J^/ill OAK 



f% ^ h is* ( ^ 0 * * ^ • • ) 0 Jj f4i 

dl.jj.ikHI 

. j*i jus ^iujy ^ Aijji, - ^ 

3ju& 1 o , J| ^ Jjki JU^JI lifc Ji VhlsA\ Sj__^Vl -S 

•csAPjlw j^ 1 u^jjM 1 ^=y' jj^ 1 i>*i» <J=^ ~^ 

pi ja»J| daJ 4ju&U yijJoll (JoIaJiSl Ujjla : >£o ^Oa.) 

Infrared Spectroscopy method 

(_>4iL^ jjjo AijjJail fti* A«J — *J 

.^UoiVI <> ^ilii-Q ililwjj (j^auuu 



AJkml iajj ^1 ji tjAiSxjj (jjll »lBliall ^jAjS (JJ_>la (jc uilli j (jjSUll 

.( JUJi aSLUi ^ j ) a.^ji 

Ctoj kuifyb Of-lli Jj-iau Mill IRspeetmseopy f .Wi 
Near IR 

f_pHI wjjjaJl ) Aji&Vl t> x-jaJ I — « ^»^su — wo spectroscopy 

<lwJI (Jji V] *&i4 Ljj jjjlsw uajj ,>ull S j .( ,jUfyl ^i Uy M 

t> JJsll Jj Dumas j *l ^wJl c^i ^uiVi JaIaIIS *S>L 

^iS/i s>^Vi .cslli J~* ! i> 20 mesh 

L 5 > ja i Jl jjAjjijjJi a+& o jjSj Dumas iJaUIS ^ij>~Sa 



JSl ^Ixj*-o1U ialii jVI t^UJJijll »I)limilS H>IaJIS *J*J-Ja 

^3 jj-iftll 4j& yli f Ic 4a jj j . JcUull ^sajj £ j&J <J jUl Ja.h"i, *i 

.J*bll£ Uj> 4> Dumas *i}> ^jUI JjUI 

JLali ill jUS&l 

yUl oill_£ j Al J> _yi 6 1_a» reproducibility i 3j . . A . . .^ 

t^o^^-i..,! aMa ,> JliS OP-^ 1 ^itVl (jj—ia -Y 

o^a UiVl j Dumas flails lx_c Lu_i Jj-Ul J-£ o) ~ r 



.Ajjliill ^1 jJl £l >il t> £ >J JSJ c_uii» (jJJjjj jUaJ 

jjxII (Jja, jjlull i> AjjIiiJI SjUI (J jli liljil j ."-JXuj^ill Oxj l ^j lc 
.fjttuutll JJJ 5- jiSja joili jiijJ J ^ ^IjJjjJ 
(jJavolaJb jjjjjjJI ^AiiJjJ jji e^oL-i«ail ^ Jou«li ji j — JLoj t joi — wall 
^Lls^Ii S^j^ 1 (J>^ J) ^Ujo)fbj n_?>.Vl ^5^8*11 CjL_j1*1I jl 
ijjja ^t.V;vlt»il j^Aj ^jiu^ ^ ^xJl (jJa.^ JOJjJI JJ^SJ — S A^lVi i ii,<vl| 
jjjjUll ni jjll j o 3— Ij-iH Ji— * ^Jjj—jJal .In'i ^ 1& ,j-_SJ j j; j -J 

t5jja>AH jJ.isal ^Jaajuu La S^lft Jjjsu J^bx* ^ J*l.lll£ Alij U 

^iiiaJl t> JSi U jj-isj jji I'liR u) b»S .fUJ jiij^Jl t> 
.Ajjliiil S.iL»ll ^ (jjijjjj jjiJl (Jja. j jilull CiLxaS J jjk j <UL> 
{jja^j jlliill ^ jjj£ jJS ,jk. (_j jjao (jjll Ajjliijl ejL*ll <1}C jl ,lf» r>,Xij 



. j.'nVm^l cllij ijjl ^UWw.nll (J^aill C^l jJai CjJihjl 1 a&j pl.S ill 

\L£& ^Ijtfklwl VjJJ>^a Oj^J ^» J^l (Jii JJJ Jl»-iaaa] j 

jjC. <JjLl joa (jo* I JA=kj ^jfL] tjiaall S jlj — ij\jji_J (j-alj — i. 

(JjjjjJJ Aife all (jbjiJI (j-alji. 

aiilLUl c^jiH o^Luai ^aw.ljji JuOdl - ^ 

^L-cxi. tjli liUijj polyeleclrolytcs o>-Sj l1iUujj_j1I *J j 

.Buffer —11 pH M^l Wjj^ J ^jj-i* '-r^jS 
£j£S oiA, Jx-iill d>L>iiS .s J j=JI jl dielectric -Jl t^Vl Sj_i5l 

tln..ii JLjujjui Ljjl t..n%, cejbJl t> e jjjS cliLu£ ^ <J**J U^ic Sj^ C^li 

sic p ^Wi 4au-> 1 ii>Vt ^bjLoJb sic- j5ba Vj 

JjU-y 
Salting out 1 

.HUUSJI c X.Sfl Jail*- Ck£ JaL -^ 1 W £**Ajl>-^ 

djUiijjill oWjj i> ^ U Sj1d C^ 0 ^ ^=^1 ^ JuSj^J 

YY 1 



pojll »JUSI l«jb ,i »_u«j Sift ( (NII4) SO4 I f AH^Vl CiliU,, 

^ f&te J 6^} Kcl J Nad Ji« J ^ 

AicLjaJ ^Wi tjjj jlaaJI Ai) jJa *ulft j Cliliii Sillt OUt k -X}— m i J 

^Ua J3l jjS ^ I (NU.O SO., I iJjVl i J -J-iM S.IK 

aJJjUall 0 jill fh-V'iJ Jug .^jjiLaII 3 >ill wjxui jol •U.Ijcu (JOlJ 

[(NH 4 ) 2 S0 4 | j£ j* 4fc ^ ^ilill i 3^1 . J^l ^ ^ o^Ul 

S jail plAiU Joe 3 vj 5ILJI jii 3 >J» S-u**^ <J5C ^Jl t> XUs ^.Jcl 
Ulu libjj JSSfl CiUij , jjl ^ ioHJ^ 1 ^ — • iu>-S>*ll U jLJaJl 
ililiij 3 ^1 Luu (Jjj j ^Jl jSj ) . J ^ i Jiu <—» |„„ . \U < l l 3 

dk& 3 .supcmuitnnt Jjla-Ji i> *>?Ji ,ji Jk» lib 33 j — 

.Buffer —li ^ Ofi j ;Ji jWP si*-) W>£ W* 11 j! s-^j m*» 

k^^SJI Ji*I« uluj jill "uj 

PI Nuii ,jJl villi >JI J^AU ,J£\\ >Uu sJlU* ^ pH 

(jo Uj*j»ju (jc 1 jl>^>A cjSaj b^llli 3 (<vilii-« <u j^JS Jixj JoL-ii) <itl 

U o^iji^ PI ^ J>l=^*ll PI JeuJo ^ic > - J >b»w»l» pH Jau-Ja ^JJjia 
. J jk-JI ^ j SjtiiuJl 1' I _JI villi ^jliii , >JI J-Jai Ui-jJ >.i .JL) 

. >, iVi% 0 pi I jL\ J ^Iaji ^ j j 'ijlfcl ^jSju v_jlmi < >l*ll (jjjjjjllj 

dbjl*llj ^ jajll jr 

— SI Oulli KsuXa j 3A <Lu£]i 03S3 pi I 1V1 , 1 r. ^jjjj^^^all jl 13J 

^jlc tWi ji jl*i cjliu 3 jji gli dlil 3 . Jjk^ll Uiclcctic constant 



^ jb 5 i > jiii us ^ui j jkJ] (jjiL ^iii jisi cuii ^Uiji 

uju^ tjSl uJ »« J a »J l wjj.uU ,^11*11 iUaSil j .Ajami jj j ijJJ 3 jJI £-«aa] c5^)J 

<a. ode CjUjIaIIj 4j )auJl 3 %*t 0 ^ ijjjij I , ^ 

8jl jaJl Si-}) ».-. u *w \ vluLJl oJJj>Ji JUj ^jaj ^ Jjl jl _>iwall Sjjja, 

^jS Joe. J yla^U pi I JaJ*Jb «Uo»J jj Aaix* Aa.jJi ^ ^yJ&i 5 — a«,j^l 
jjfr 3] A^Ull 0 ji lie. AojIjJI CiLu ) ^\ ) .<Ac <__iJcla jl 4.i ...^la. 
^ JjjJwJl jV idLiiSall Ij^j <1 j4*u UL-ci J 51 «j pi I II — uaSI 

^jJa j CjUuj j ^1 jsu ^ji Zi\& ^.JaouU AJul — mil Cj I) ,, V l 'il l J-JS 

.^0 0 iic. AjjIj 0 jl ^pk "la. j J j j £jtfl j (NH 4 ) 2 SO4 
, ill aIUII *j>Lj«Jl OUju , jj J ^ail VijJ cJij^l i(VT) JjA» 
" " IwfmfATIO N RANGE 



Enzyme 


(SIN)IS04 


Acetone 


Stability 


Pit 5.5, tff'C 


pit 6.5, -5"f 1 


pH5,5,55°C 




< Percent Saturation) 


{Percent vol/vol) 




Pljosphuiy lasi* 




18-30 


U 


I'ynivuU' kinase 




25-40 


S 


Aldolase 




30-40 


S 


Lactate 


SI) 00 


25-35 


S 


tlfhyUritiifiiuM' 






11 


limtliiH' 


WI-7.S 


35-45 


CtvaiiiK' kinase 


Ml- Ml 


35-45 


[I 


I'liosphu^lycfWlf 


(ill- 75 


45-M) 


s 


kinasv 






u 


JVIyoijIolJin 


71)00 


45-W) 



a&lA JLijiB dUj^l ^jUSlI JLulu,^ <£L«Sfl <>J t>j 

SjjikjJ Ajjlill cS^Vl CAjjSJl t> Oliu 3 J — J 1 ,11 , . g jj Q-Iajj 

Ji*all AJbaj ) £.0 pi I -iic ^ j^l JjUill A_Jaij I.IJ..MJSI 

eifc s .lula j Sjl jaj S jpjj ^ jl ( b>«-aJl ClUjJ j^J ,> Oj^jJl ,jJj$£]| 

.Cjliu jjjl %*\ • (J* jjSl ^Jo vljl >• (T^V L^Ujaluill (Jjiall 

jJl ^•Uij'y ^jl bu> n ^aJkiU yi ,jS*J J*-ai!l ^jlkaQA a!Wj jlil 

Separation by Adsorption o^L**^ J«ai]| -y 

CjbjSdl (Ji-oS AaUc l—^jlj (j-p\ — msuOVI bal jjbi j ui j ju 

Solid -UL<JI A/AcjJl jxJaw jjJc (^U-mJVI jl — II (j^sl usmJVU 

AiJji-Jl AjLlill ^Jc (J*^ ,X«U)Uj .5 — a-ljV — « ^ — W NUppOl't 
Cluting fJaXftll AaJ jVI J jlaual 3 1 Jwaill AjauiaII SjbJl Aiwilb Qii j jail 

bal j^/iUjjS » affinity chromatography — 11 1>» JS j&uj buffer 
Ion exchange (j^L^YI bal »jU j jS ,> In jj ^Vl Jjb_JS 
bus yJb bJ jbj ^ tj^u- ,jjll Adsorption chromatography 

6M 

lonn Kxehange u — ijjViJij — ill bal j — xpUj^ i 

cliromatograpliy 

(jjj t 3 i, nSi , l l (j-ab-o-ajVI bjju jjjjjVl Jjbill bal ja» j _)£ »Jlj — «J 

A^lcill ^ Aj j^S,* aSa.Ii j J jL^ll ^ Cib jjVI j Ai Jull Cjb) j_aJI 

.JbLall 

^IcjoJi jiSVi 3* Ion exchange chromataphy -Jl >i«J3 

• bj^ uiUjuai Aoibu JoUj Ajiiij UpC gjijj J. ,,>..r>ll Jbuu — ui^l 



XiZj IfriV anion exchanger ^wi 3k .til ^j-J Matrix j 
matrix *£jAS cs-^j .JjkJ J ,til ^alL* dsUjjaJI ji ojUj—jVi 
ttilh* J cLj^\ Cation exchanger Ju1L_mJI 

Ajaiil ., „ ! j_j&S/l Exchangers c^.Aa_JI j - V^ . ti t V^j^l 
anionic diethyl ami no ethyl drivatized t> sjb_e ^\f\jj , >ti 
Carboxylmcthyl and phosphor cation W»4-Ai f-J supports 
J) SjM' <u ^ a ^ a/> ^ ^ — ^ s-> j — liauall j exchanger 

c> A) ( pH jJ SjS ) buffer coditions ^ J^b_Ji 

•mateix — U op jjJI <M1 

gjjJiilj pH — 11 ji ^UJjS/I fiiill JJjj&J Jj-a*Jl Jc l>» ^JjLuil ^ 

dU^ui JI ^aJjyi Jjk* uijSji jj^ dy* Jjk-J 

Affinity chromatography -1-1 

Jx^a ajs f^i-j adsorption chromatography (j— « £ j_j j_* 
Jajl jjj JLoj ji ligand J& i*=^ M j> jh* jj£ ^jj—J! 
tjc ajIjc. ligand — II j Solid support aAoJI <^lc^ll ^loaI uu 

, — 51 (JiflaSjJ QUj^)ill AljSj j^JJj ^.m^r. (jjl^sul JaU^-Jjl A 1 ^(jJJ a. 

SJiUixoll f\ — uswVl < Enzyme substrate djUjj__j)/l i^jLLa-Iq ligand 
l^jl jalfull ajjUj ligand Jc J j,..,-i-%ll cfi*i3 ilAAfuJI i> x_j^JI j 

JUlciL 3JaJj ligalld Jc C5J^ Ai* 0 lPlL l>o (JJJjJjll _>«Jj 
j;jSjj cojl J3k tAjj jJ SjS pH ) fh'ull (Jjia-all i> <-*jJ& 4jLcJI 

oLujjjJI j .ligand —II ohjj^ s ^j— i c ( ts— 
JLjQ jJ oxi jjJIj .JU jj l*S ^ ligand -11 f J>£ V Jll AiijUl 



YYA 



— II jAiij (jfci >1= ijc- ligand — lb -kbi 0£ ) ^ Jj- l£u ^> --a 

j l^a. cjUSili ,> AHTinity chromatography 
JUttll Jam 5I0 j .OjUii J-W ]l Ajaiil fbsJLfll ^ le. ^ o>Jl >JiSl 

w « ^1 p. affinity chromatography — lb LJc J.,-») j&\ 
ijjlaj Ion exchange , size oxchusion i> ^ >Sl 0 '±_a 3 
jj^Jaj £b=u j .uijuJa ^ Y j* Jal «.\ju SjL=. (jjiiau ^1 \$ J— *>Vl J 1 -il l 

Jj-aili ji ^ J US Jj da jl affinity chomatogaphy — II J)>Ja 
1 Iigh performance liquid chromatography • £ 

High —11 £-4 fbrvlnrSll Ajjl ^ jjU j jfSJl Jj^jiaJl j* JbA*Jl 'Lufri fJ 

i^jfcli } performonce liquid chromatography ( IIPLC ) 

l jjjS v-JjSJ villi 4ilJu* fcJjl. V>' , '\ > , iilj diluj j jjll Jj-oS ^ W-<i!jijuj(l (jSLsl 

.JulUll Jb yu^Jl Ja*jj j ( Micropaiticulate ) Ujisli diUyjaJlj 

CiOublll -Y 

J*^ ^ i>_uS Jw u Ion exchange chromatography 

(jiiUa-Vl «b*£ Ai^aj ^ UxLiU jl jSLu j JajlaII ^jfl Clilijj jj ill 

J i jjfiS cjLiaijJ 4— J Affinity chromatography j£ j>~J lJ -i 

.0 jjjSJI ajIISjII t-j+wv ^jjl^JI ofijj^ 
O — « .i — j^JI *j — iiijl ? .ii4 — uu Affinity chromatography 



YY^ 



Uujj* cjUujjj ^ Cancanavalin A SI JL- « 

l»ixLuuj solid support £-« JaUjjVI ^ lc. SjxJ 1—^1 cjIjjua jjj-iu 

^ja.^l glycoproteins —SI ^ CjIjJlja jjj_£JI * J > JaUJ^—i 

tjlcj jij^xJI ^* glycoproteins -Jl J=ui j5 <J ^ .(column) 
t> j^j elating buffer pl w* . »L U — uaU«*al A «i J 

UJ i^j^j j eJiig j=Jl aiiSilb glycoproteins — SI .Lii^Ji j o*-3SUI 

t> elution 

u*A* t>° i^l ^ ' • • • on c j ' u£j->^ 'SjjJ-^ O'Jj 5 " 

(Jlj^au ^jAjiaJl (J^aill .(JuaaJl (j.ftVl ^ I wln'u IjUva ■> 11 QjSj liiii Jj 

.^jjjjaJI jj^ll yic. (_yaSj Stokes radius o«U>1 c^ifr 

JIwj ja*J;3 3 J >La^ll ^ ojj jjJI jLS Jajoiji* Stokes radius 

.A 5 ^ o& J 5 (globular) cSjjSJI lj^jjJI :<JIj_« .^jj-jII 
Ajuui ^1 t5 i}iSl ijij j^l Uiu t«u u-aliJI Stokes radius —11 I.*?. <u\_uU 
jjSI Stokes radius <A <UAJ (jjjaJI oJ>- ^ ■ ^ "^ 

(jji* j* !3lS jli ;lj^l <^uiSj -LSJJ^ 1 u£_9J^ ls* ^ 0— * 

Dialysis Sjlj^ll 1 

^l^iluuL (Jj1U-<JI Ji S^^j-411 cjUjjsJI J-aa ,^3 — LjJI ^ iVi .. ft 

till!) jail £t*«U V J S JJ«J-<all <Jjlil j=Jl J JJAJ £tAuU Siii — « <J — ut -La — iSaal 

SouLJI SjljJ uiijjJI ^JbuSjlpM pIj-^Vj .idii-iS>-^SS 

^a^jj .^.HxLi t3i»ua Aj^ibU jiVl i-i jUi Ul .Lfcjajla i> ji 
t> iAa ) r lilJI J jk*» J »UB i> SjjijS 4*6 ^ ( ktfiVl ) o*±-&\ 
( -o JL^II <j jjll JiU 21c ^^1 AJuJl foo. t> jjSI S N • » « 0 • * 



6 jljj IAac j .o^ySJI Jib JA J >^> ^ U*!-^ 1 

jjmJj 4*U. ^ J&y*. <J] £^3 

.S J>Ljil jJaiall J j Jjk^ll 

,j j\-v«ll Sjkill o-aS UH3^' ^J^ 1 S - L ~ A r ^"'" ' ""' i 

Ultrafiltration '*c >-ll JJIA ^^ll ■ v 

L^l jjj]! illtiu J _>JI Jx-oi ^jJc o jM Ifri dJAmJI -VJuil Ajji&Vl 5 .1-1?. <*J >m 
jjSI \ fl ,n>-> ^1 CiiijaJ .V ...... 0,.jjjU-,l>ij (J( JJ> Cih 

\ relentale Si i>» U j*- j^u-ai j U cLSili JUaa s jjS 

J<L«u 3 .gM jll t> f* >■ ^-e»J 3 Aoic-'i/l J^la. j ><u i >uu-o)l ClitjLij—aJl 

ju^i {jj&i-a] j-Ji i3jU ^ >iii V>i v> t 1 ^ 

^ApjjfJI Jjk^l fcf 'H J 3^ cJ—^ f^il— VI J 

.cjl jUJI Jbw> ial« vill ftLJiiJI ^k«.l >j <S j -."uti V-i^ 1 J-il-i 

Ajjlij jaSVI ^pl UJ5 11 ^ 3 s J^ 11 0^3 J — ^ l J > ^ "I I >-^!J 
it jJH (jjli {^jji jjll S (jiuu f^oJ j»J ^3 i*JiA\ JU Aa— iiVl 

3$ >ji i >ai ^ f\m*w 

Size exclusion chromatography jr 
fUiu >a 3 gel permeation chromatography I— ^1 y 

^jb^ j> 4j>^ ^.l&J ^ ^ f»j J jaC J** ^3^ J3 1 *-* 31 



J5li (> Acj-u ^j=uj ^l)j£Sl r U, ^ jiSVl ^Ujjala .ol>J&ill jl 

CjliijaJI U . ja^a ci^j j^l t> elution ^Ijj l*S 

t> AjJuS, ^ cJlj^ lillijj dibjSlI J ^| -^ 1 
^wlu^l ^bjUl ^ Uja. ^1 Uxu> jiJ Cjlij_>_ > Jl J .Jj, „ll 

elution ^>J1 tJlsSbj .^JLu. j& <Jc jj bJ dj^ij 

• bjUu ^.llo ^itia^ll AjlijaJl 

^ J cy* Size exclusion cliromatography — SI ^ .,nj 
<Aj>JI uOj* 1 <^jjJI Ai>2 'buffers -Jl < c X_«Vl 
Chromalographing -Jl flaiiib ^ ijj=JI ojj— II iJ m=> j < % - j 

.jjij^^' U_)_>^ 4-sjl*-*5l ^bujjjill t>« ■^•^Jlj fj— S*- 9 j ,'• Si cjjj j j ilS 

L^»|jiikiuil (j^-aJj bjb>3 3js.ll* j^iljaJI tjj jll jSxaSI AAjoiLjSII tlllijjaJl j 

.^juaUSJl (jiajJl JaC J 

cjjliu ojjjjj J-^l (Ve) elution volume — II ,y_J ai_£. j 

itiukui -r 

Dialysis and Size exclusion chromatography 

bile, dialysis SI j^Vmij QiS j jJ J^-si J "bLkjJt <_LU-all J 1 — uibJ 

J^-aiJI Ji ajj jj^I SjSSI j <uAiA\ pH (> a*.Ij Jl Buffer —SI J 
iwUij js a*j SjIc dialysis — Jl ^ .jjjjjJI i> 3 t wl jj—Sbj^l 
Sj^l ^jiVl ^b\j>llj AlljSI gUI ^JljV oAj>-^ (NH 4 ) S0 4 

.a>i> Buffer J oAi.»SI ^^Vj 

ajjUjII j *jL*JI i^ULukill ultra filtration — SI 



c^i ultra filtration ^ jUj <-i^u *Lte f.iauuu 5jL«JI ui* CS _J J 
Polyacylamide gel ^U^SJI j>«il I 

ZOnal Cjliujjiil ^LijaSJI j-juaill U. jj— >JjSVI £>i-J 

Bands Jl ujS Jsuk ,> CiLuij J*-*^ >"u % electrophoresis 
s j*yi jj^o (j.fi.iM jjouij J"5U. (> Buffer ^ s j— thjJ^ (JUj-Jai) 

• J*?-! 1 (-^) Solid 

JiSVl tj^mi gj^jli 5* polyacrylamide o~~* jj-S-oll Jj-jJI 
j> ^uc. jll cdjljjj Ja >ill zonal electrophoresis —11 ^ jj ■>* 
.Luill j jjjL>Vl J" jj' fl-iiSJ 

^Uj uiubi ^ jjSsi J j-l-u (Matrix) Al l 4*-_uuVi 

jjSa.UI gA^ill J*± t> L)ij>-Jl i*llSl_*l L5 -Jc xu-jy J_^oill 

oP^-w 31 *u5> (Matrix) 

Jjk-oll pH Jb bUcI Aaaoill jl =U1L- JjSi ^LujjjJIj 

^ J- 1 (JjS (J jla-*H pH ^! U A} CtfJ J^ 1 PI Lf^J 

Jl .a1 PI ^ dau J jk^ll pH dxilS lit ■■■II uj^>* 0 As ^ PI 

kiljaJu Uijjui iflLu* i$V jl-Uay Uijwi aJooumII cld^-Jill j Vi> „ -><iti j_jS 
SjsJill <a. jJ dujSj Caljill Jbjl LalS .tji-aill ^jJjfS ia«t j ^ J^j^^—ill 

*S j>Jl AiLwb« Lijl au Jv >Jl vStokes >»S olilll iJS — All j 

giaiaJu iJiaJl Matrix t^f"*!' jjcauuII — i. « 



J^il (Matrix) J** £ jj>n *£j*JI jaj <Ja^ ji—Vl 

Non ) jpjxo jjili } | (Native) ^^L^SM Jjuaill u — a 

^jaJal l S.l<uju> <iL*aSM IjJ j>u ^ Cjliii j ^1 JjL^iu ( (llMUllU1"illg 

^b^Sll J^aiJl fjcki^Ljj Denaturing ^U^l J .^11 (^-a 
anionic determent lJ — i (I'ACili) i}4j>_Si ^-JjAj 

fcoJl i »» it> Cjliuj^ S jjJu-aJI dilja, $Jl Ji-ail (SDS) <-liULo Jj—uLp 3J 
(_5 $1sj buffer (jyS 6 jJx*-a Cjl.ia. 5 JUi l^SSij 5 tlAiii 5 jJl pli iN; 

JjjIjjJ jlAS jj^II Ji-a 3JjlaM<JI JJ 5 — xjl .J j_Jiij> J — «lc j SDS (j i& 

CjI^x 3 J5LL Cy ^1 , jll J y±y ^ ,A dillliollireilal 3I 
lulLui g . u^i'j j SDS — J Cjliii 5 ^yll JUai ji j .djl^a. $_JI $i ,Jju 5 j 

KjjyjxZa (jj>£j bui'ler Aj-Aj^ 0- 9 lW-^ 

J^asJl OAs. j j Sl()bgel JaJI (JJ^Sj JS-iJl J . Jxniti ^ »kl 

^ pH —31 ffcSLaalb bulTer —II * 3 j&l\ ^ ^ jS ji tCd^a 1 >»juwi 

an anioic iris — 11 sjUx^i bulTer J*-*^ ? . ^wL>-S^ 
4i& Jia^ Jja. J5-Jaw« ( hydroxy melhyl) amino metlion 
.i,V Ph oic Cationic acetate bu(Ter-Jlj A, A pll 

(VOSN. ) ^.jxi«uJl Uol jll SjUII j> Jai ,1 %e p. ^L-Ja Aj— «S 3 



jlia. J*lc. jji N,N methylene hisaerylamide t( Linking 
Free SjaJl cj>^ (TKMKD) uj-Aw] J£«l>-3 

£Owa (j^oJj • Jiill ^ j-cJaj* US CIiUImi j;U ^ jxul I'ttclials 



Acyttimiile N,N mi'lhyltMio 1'nlynuT 
his iii'lyliimiili' 

CII.-C'U ■('UrCH-l'H.-CIM'lI.rt'Il- 
<V.() ('() (':() (V,() 

C1I.~CII Nil Nil. Nil- Nil 

(v,o cu. > ni 

Nil. Nil Nil 

CO ('::() 

CI I. . -CI I Cll/Cimi. CII Cll r CII- 

C () C 0 
Nil Nil. 
CI I.. 

I'Vi't- radicul pnlymoii/utinn reaction hi pttlyuaylumido. 



J jS A^jJ (jjUAsul Sic. (Millrix) Juail L5 £f£ll gj. ..Till ^JttJL. o 

jjc. Matrix _ll >*ll U\ Uli J"JL-i (Resolution) oLnijj-J 

£ r ) ^^i s jajS ujjSj Slacking gel o— 

Slacking _ll .^s^l >—ai vjjifi resolving gel j (al»LjS1 

AAljJa Jfcj jlai ^ CjLiij j jjll ^U.>.J j jjS Jil fJaa*iU fUud £(jJa jj US gel 

ti o pi 1 6.H Aio trc.solving gel — Ji <ji UJ ^ Ji-J Ia_^. 

( ULc 4jJU) Aaaui 3 j ) Ai jjISII CUU jji jij ( ualjill ) ^j—j^SJl Ju^aJ 

ijill j electrode bulTer — ( hJUIS <JU. <isui ) 0x«uIaJ yJ j 
narrow bands Uui> Ja >ki. ,ji CiljjS,>jll Stack ,j— 1& J— «4 
pi | _li Resolving gel -JI s >- ?+li tcjUj—jVl t>-j 

jki. ^Jl CjUu j _>JI J*<aij jxauu j ual jill (j^l liA J>tiS.I v.n imi 

.U^siuu Hands 



Jjjll tjc- * jW^ 1 & resolving gel _ll ^ - r ~ 
jA acrylamiile j^S j5 cJii^j 3^ ikj cAiLj^-^ ^jsJl 
^ o- • t ^ ^ ji^i resolving gel ^Jc sic. CiliujjjJl J.^ir. .Jji^Ji 
} ^\ J-ail sic % \ o ^| ^1 fi ,^-, i „, i!j acrylatnide % 

i> JSl aeylamido ^ L$jk>u Jj*. ^ Ulc Juaaii (jjjJb o.,. • . 
JSi ,> aerylainule -J j£ j& «ua ijjj ^ill j-jj^l JjsJ .%v 

(jij (J j J <_£ ClI J Cjliu J i>> Ki^ J^«aaS Sic ^ *<■■■; (Jj=Jl £■ \ § 

fjj AjJj* pi I BlliTcr —II ^ £AaL 3J A\ tJx^ilLi pjaj <' 

J ji»9 ^ 5 ^l Aijj-a AiUiaJ ^jj 5 Slacking gel —11 <«& ^ Jb l^JL 
olj ^uu-oll o^a cjjj J^is^J iracling aAauo ^ j «.\Sjj_Jl 

(ilijjjjjjll j»>JI) (Hands) Ja jkaJI ^ t^j^ll J^aill :s*j 
coomassie hrilliant blue Jiw 4if-=» ^I^IloU Jj— >ll lc 

jii j band JS3 (Rm) ^j^l J-iS J Wfl <Sj-^l 

resolving gel — Jl ki-ij i> WSj^jj lP 11 

Rm = 

«-js«j3I Ak*j«a j running gel —II AiLuuJl 

jc. s jUc ^ ampholytes fljiUj d& pH — B 



uiVi ampholyte -Jl JaJi o£k) AiaJdi aJUj aj>>* cAcy^ 

.pi I _J u,"^ ^Ua 5J CjI ^yul ^ 

jjSij J tijM (JjS JjaJ' J jL»-J ampholytes -Jl uiLiiij 
ipll J » jii il^V ampholytes -Jl * ;Uill J^jjj J^-jJI 
_Jl Uiu j^i ajaU : u=»Jili aJL-u. ampholytes — 51 ^-aA^j 

ajaU 'Ia=l^JI ; u?.5- ampholytes 

Y ) pi I t> ^JLij 5A j j-li* ampholytes -Jl 

0 jLpii ^ J w , ( pi M • r ) fr _ J j , ji-. ,i ( cji^j r 

oa^kui 

Jlsull ALii aj^ajJ tS JliJI Aw >Ul ^jA <li j_+SJI ALlxL-Jl i j'>J-JI 
j- 1 — - Jl (JJJJ^JI ft^j Jy-ia^il aJI!m Ail jJb ^ j kl — 4 Jjj j J cs — J j^SlI 

. JjjuuiSI J^iia J^Jl KS( ) /ymes — H jUi Jlii— Jl J#— « ,^-Je 3 

AiljWl ajlA fhVinU l$J& i_i jsull ^li Aj — jl jxJl ) A,, V . ' , ' l Lu . l l djLlfj 3 j — Jl ^ 

iJLu-Vl uiU^ai 0^ U as >_sJl Isoelectie focusing — 11 ^Vi ufl j 
•protein patterns op j^li £ &u ^ hLud ^ .j -vmi aLJI ajjjSII 

SDS II -W^jj o^y ^9 aLUjJi i j'jJl aSjj — Lj 

Ja jli-o Jj-ail lis. S jjjS S^jU ^ j JjuVl ^yUi ^ J^-afl PAOH 
jUuVl i^lii ^J^SII JJ^JLi A,iiiill aJlA ^j-a-Uj idiliuj^Jl (> Ija. .&u> 
lAbLUl A_u ^1 S j)Jl 3 JoaJ Aj jjjl ^4 V J ,1 CjLui , ^1 J^iu kiua. 
$13 j U yift aJ^mouII ^,^1 AJjia-Jl JaaJl Aj >A £*± £ fJt 

J^ cjUiij^l jLJ Jllij, iCaliii^l Ju««jj SDS PACili J-^ 

^ ' ' JjSI .5 »^>^ll 3 J&jill UiA oljj Oju AiaJill ^ \ & V jl 

o^A ^Li^JmiU 1 0 t jS«oj t-jS^Jl Jb ^JiJl ^ jJl CjUjj j jA\ J — a 

.Auiiill 



vrv 



Lja^II (>-jLjjjj CjljSj-J aijjjJl 4JjSjS (^a ojj— aSI ijlo— J Jjj—u. 

qa I jaijuaJI djliv jll ojSji ^ SDA PAGE ..ij 

'% 8 ^ ^-^jSS tAM Ob— SI uAjj-JI 

Lki. J] <>aj«24 oS glycoproteins —Si ji tw&W aj-JIc djliujj_JI 

Rm jjjjjill SAa>j_J Rm 3 — i jll<u ^ — lij=JI oJj— ^ 

j^ 1 tll'jj^ 1 ^Ulljlijl £^jJ t^ljS j^isj* j j ■ riVil j .3jllj_^J 

Iso electric focusing ^j^JI J^l Sj^j 

pH —SI jr _>£ ^j^j ^y^j matrix <Jj?J1 ^SoJi gauij j^ic L— «j 
jjai! ^ ^Jl J ^^PjjJ! J 2 ampholytes f l. y%i ui b 

•Omjj^ PI — 11 P H —SI i$ J 1 ^ ^ 

ilili cjbij jjJI Jj^aiS <uhVU tjLw Resolution J j WTO 

.pH -JI s^j c> s • * JSL «-ifca3 ^311 Pis 

Capillary Electrophoresis ^ j*^l l^J** 31 <-k^ E 
i^LipjjjM J^a u^y Ajli VyEall J Capillary _SI ^j^l t5 



LsijtSto lWII oh j Capillary ^j*^ 1 J-*- 1 oh u^j 5 " (i^ 1 
JIS* ( ajjx^JI «-yjUVi ) Capillary tubing _J J ^ ^^Bsii 

UfjfaJI -Y 

AauJI JjU*.) bllHcr — il £J*W"> J=^ Ov-jj \>J*^\ ^J>^^ 

. J jA«Jl Jib «_J*Jl ij-o j Vkrt il ^a»aJl 

ija J j**Jl J jla >, iljau jijwj jSj* > • • Y & Jjj L ft i— o - jl j_Ju 

On-)..) (jl^ll cr? — ^ jll • ^wi"*" ^ ' ' upl] ft ^ J4*!oju-jui 

SclsSj Lj jl Cju__ &u_Jl ftX»cVl u! f-* 3 -* d U^Aj (<>*./ CjIjS 

o£ij& bunds Vjj ^ ( dif-- 1 ) *run — 11 *-4<h 

U„iaJ jJJj^Jl CjUaso ijSlj jjffJulsuil ^ >SJI J*-«ill ^ US A xj . <M U 

a^j— «li ., « a j-li high performance liquid chromatography 

AJLa 5*11 j Ajiaoi j ^Isll J ^ ^ jiSVl ,jA < jr> tt . iti Jo__ k__ityL 

^> Si jiwlJl -AjLull t^llo Ju-a >ill j ,) J*- 1 ,J^::|, 

jlill t> i^Ul j»l jsk. j5L« 5 jSJl "Ula ^j-ill S^^Lj J-v^ill 

.iunnancc liquid — 11j <J #.jU s j&\ jl 



J UJU f**^ JjL* 4^ J* l5 Lji^J^I J~^»ill 

WMj dlliA i^J^I So^aJi JaJ^a CjIJLc. ^ j^U-J j Jj_J;ull J_*Lm 

iliiyijjJl lU^ Sic ^.lil-u ^ jiuill j^SJI J CLila'5l3_il 
free solution jl C'apilury /one electrophoresis 
Ijd Uja ^aLjjSI ,^1 jJl Ja=u ckoili Ija. electrophoresis 

SpjUll *JjJuill S-W^ 1 jaJI J>^xJ J*-aiSi CiLiij jj-jjl J 

jlk*]! pi I ^ Buffer -Jb 

XijlM uiuUbU jlaill Uu-ai ^ J^U. jl .ftnVI 

capillary zone -Jl ^ <JI LaLj Ll^J J^-jJI jjj— *«j 0} 

J. o^a (jr Jc electro osmotic — 11 Jj-i-ti >-j'jj electrophoresis 

Cjli jjS/I yOoaJ [ Sio JjjSLui Clio yVM Lr \& (J JJBU ] 4j j* All 

JtJ Juc <at.5J> Ajj^jl AJola JjSjJ Buffer -Jl ,> ( CjIj jjjI£ ) AW^\ \ 

• Buffer — Jl j ajjjuJJI <i jjjVi j >«& J^. ^ J»-aUJl 

AiJall AjjSxJl CAjjJjlSJl ujJoJj ^ — ij^Sil jU— jJI jl>— *J Ai c. j 

free solution -Jl Q.^* ^ .oIajVI ij*— «i s ( 3 k ,.«ll 

i^UjjsJlj lijjiVl ) cjU ^1511 J^ls 0^ capillary electrophoresis 

pH — II jAjxb electro osmotic -Jl LJ -i H i>-£-j j 

c^uVl jl^. ^ <KJJI jifiSl Buffer -Jl ^-J «Sfl s j — 211 ,1 

43>3 tJ _i capillary zone electrophoresis ^y^-la ^Vi >A 

Yt ■ 



J^a ^ SDS capillary gel electrophoresis UjjJa p&iufij 

Jja. AuLjSl jji^lb V*^ 1 A^ja ill CJajU^I 

duSu Jujxiill souUSlI J^a i> Buffer —11 J jSal=, ^ ^ J 
.dynamic sieving capillary electrophoresis ^ 

. -.7- .-nit uauia. Ji-saslLi ^cauuj JJ^VI CliLiu jjjll SjaA ^ j^Jajj 

capillary isoeleclic focusing Ampholytes ^ . a . . »j uiL ifl ^ 
gel lift jrtbj V Aj^iiVl J2li. t> pi I jr jii OjjSU ^.iiluu 

AJa«l _jj electro osmotic —11 (j^l J1L l AyftW I1_a ^j-J .matrix 
ciil j^bll ^ Buffer -Ji cUaLi) 4kJ # hyuSti J^. Juila 

.pcjsuall A.lft. mi i» Umj ^J^C ja jJill 

JLuu^l oilo.Vl JJaJ3-o 

(hydrolyzed) *U1I ^ WLkj ^ oPsj^ ty* upjjJ <^ ^>Vl 

(J>ll flj&ULj <jiuVl Jud ^ fJ .<»iwSfl (_>iaL«wVl JJ>il 

'.^ JjL-aflll l^l^iuil (j^-J CU^ 

-Ion exchange chromatography. 

- Reversed phase liquid chromatography. 

- Gas liquid chromatogaphy. 



jjja^l Y £ SiJ 6NHCI calill Y £ s^l n JS x_j 

(JfilijJ l^jV U*j-<a (JjfLl AjilaVl (jiaLaakS/l 4_La£j lAJSASI Aj^ill 

ijj* liA (jloj .^Ull (Jk^l *Uui Aili^ jjlaj 

.^uliill (^ic. jj£ L-ijiu tSllijj 

OijjjJ^ l5J=^l (j^UJjM (> 6NHcl u& liiaj J&i pUll 

Jjklj ^ ( a^Luu VY t £V cY£ ) Cja^ll i> .ii— « d£lU cjh *\\ 
.1 sl order kinetics J** ^J^h 

llii J&Vl jjll V J cA-j qnnn.nll j t^ft^l hydrolysate 

(Itt-Ljjj 4j!5Ujj MOOre AlamljJ &Wl. n .ftll AjLaVl ^Jji^l 3 
^l^iiulLj AjiuVl J*-o3 'lBJ^-'J Steill ^Ja — "IjJ 



UY 



.ajj jjVi s jsli 3 pi I -J sajI >> buffers (Jj»ug 
Ig'iuS jj^Sj ^ jyuJl i> (eluling) <aJ >li ^m-S/i ^ — 

.(jj^l jjijiJI JJaolb j>L» gcjia (rliiV L« j-^^P^I £-« JcLiLJU 

.high performance liquid ehromatographs 
Ion exchange resins oV ^fJ*^ ^ .CjLu^L&II ^ 

pH II ^lUk jO ^s*^ 3 Jayu^ll J-oju > !.v i. % ., i ^jl.l»ud SJUisJl 

HPLC f>l.^,')i,»ib ejlv'uiUjll ^ L-bJ CrClvwJ (_j j, — (j j Lit 

.reversed phase column j 

Ijlilau (JjS l^o^Lao> ill j Lu_jLo -dlaJL—JI 4j \u>SM ^jJol., -axV| 

S\j <L-aS t uiSj_4 jl J;}— «\j jlS jjj Jj — juilb Ujl », jjS 

^ja AjuiVU yiiiJI JJ^b jjiij ju j reversed phase HPLC 

yjlja. iite AjSI js.£1»jjSJI k-j jUvall -AjamS/I (jiaUa-Vl 0* Ai 

. Jii jl Al&i V . 

(jjjL jc UAi^u fJJ U eJlt peak -Jl ^ ^jJJ-ii j^cvo. J£ *J*£ 

kjUc si* i> ^ h^S ^* Spiking 

linsu QujijjI J jj J*« W«'l kb** j jSj Six. SolaJ-ill <J jbxll S^LJl 

<ji JjAj £J&ll j*s U Sic j ^uliill CjLaai*ll ^ SjL-c ^.j-J V 

«V^Vl t^Ua-Sfl JS1 ^1 »^3?JI ( ^l^jSUjjSlI 

^ ^l^iill Lj^il, C4V>J1 ^1 ^1 ^ JS 



Aj^aliJl CjLuSjoII tCjljl jJaJl 4 — jic.| ^ — 2 "LaJco uwill diliij jj Jl 

.AJIS ^UuiLaS/l -Ui^l ^La^Vl ^LloS ji ^ j&hu 

Protein visualization by Microscopy 

.(jiijiJ! I OA ^ tllliu jjJl ^jusali, llAiAiua 

jq\ > n <jJ\jii ~"A jl'ilj'li ^ cj-a-aa- <l*Jjua tJULall (J^fw (_g — 1*3 
Jjla^ JclsUJ .(jjJjjJb iaJJJJ U.JjC JaSa LujiiuUJjla lcA*juil (ANS) 
iJLiau j,. I-i-p ■ mill iSJi3 iWJji j*"^^ ^iwJI 15 — — 

jjIjj j.Kvll Ciuilaj 'fr^jjil ^^iji ur^lfc is— * ^W^JJ— 

CjUoLj ^Jj Olip j jjJI £j Aj^j o ^ ' ^"'"' ^Jjk'il l cs^" <-^ La 



.l^LaiLm 3 b^taJ j-cal ^Holl _p — ill 3 *\ — jic^l Cjliii 3 j il Aj 

(jisLo.S?l • 3-aill (ji ojliWaM 3 tj^J (j.aL r-t"ul 3 ^jJaA «*i j 

.Kssential amino acid 'lu-U <uJ u uaUaj - 
.non Essential amino acid l±J*J ajJjJ ^UJ - 

<U 'UmLwiS/i Vy-oVi i_uaLft3>Vi 0* vj^- 1 \S i^t is '^ tlyj j j 

(jjjjluiAi (Ja»SS AawiLuih/l Aj .'luVl tjJaL-Aa-Vlj •Uii y—A Aj 31 a> Aal_3 

jalU jJiVVI ti»i}3 JjjjJA* O i CM — u ^ lH — "'fcjljjJ 

3 jj 3 (jAjuulat. j lIL-oIj 3!^ ^uoaa. j ij^J jlai. «jl jTi jLl— wil (jjn 

AjwU'I jjSj .13 AjJIjII AjliaVl ^Laa-Vl ^ ^ — -«V^ 'UJJ-^J 

tJjjil JUiabU cyslicnc ^ ^» ^11 taurine u» 3 >Ji Ct-^j 

JULbU lyrosin j ls-^SJI <Jyli!l , JA'&1\ jLull ^ JSLi* Oj-sUj, 
ornithine , etrulline , Argninu .^iij * u>A*j j <jj>«ux<i]l 

OsLxill J ( ^1 oilSJI JSJJ ) ^ OMI 0- JS ,0*1-*, 

i^jja* 3 jjjill j jl 3^11 3I jl 3XSJI 3AJ j»AijUiU ^Li_ill >,),ikil dil j jtfill 

l>«J ^3 oJULjiI 3 Jjj3^jjl JjjaI "U— *£j )»■ . "il l j 



UujjJ! *t*L^VI j*tf3-> 

.(FNB/NAS) j (FAO / WHO) jlill j ^11 ILL 
j&\ QpjjJI ajaS ^ijISj (jlj ) 1Ao f U (FAO / WHO) cm^J 

^» i ii,-> ,11 (Jjj tj-a ^ / O^JJ^ l>* ' >V° — UjJ j\ \ "n 



SUGGESTED PATTERN OF REQUIREMENT fmg/jg crmfe protef/Q 







Presch- 


School 






Reported 




Infant mean 


ool Child 


age child 




Labo- 


composi- 


Amino acid 


(range) 


(2-5 


(10-12 




ratory 


tion 






years) 


years) 


Adult 


Rat 


casein 


Histidinc 


26(18-36) 


(19) 


(19) 


16 


25 


32 


Isoleucine 


46(41-53) 


28 


28 


13 


42 


54 


Leucine 


93(83-107) 


66 


44 


19 


62 


95 


Lysine 


66(53-76) 


58 


44 


16 


58 


85 


Methionine + 
Cystine 


42(29-60) 


25 


22 


17 


50 


35 


Phenylalanine 


72(68-118) 


63 


22 


19 


66 


111 


+ lyrosine 








42 


42 


Threonine 


43(40-45) 


34 


28 


9 


'tryptophan 


17(16-17) 


11 


(9) 


5 


12.5 


14 


Valine 


55(44-77) 


35 


25 


13 


50 


63 


Total 














Including 
histidinc 


460(408-588) 


339 


241 


127 


407.5 


499 


Minus 
histidinc 


434(390-552) 


320 


222 


111 


382.5 


499 



^puuall ^J3kUll t>» ^-a jii j Jill o«i ja- t>«L}S J J^ 1 * — .3 jlj "^.l 

diljliiiVla ciili ^ .^u S jA\ Sj>x1 cjI jj^UI >iSi tji^jjliill 

(PER) protein uAjjJI " 0f -^ jf»^3 •'Sj^jjII oPjj-jII 

jLSSjVl jll qjj jjJI sj^. jjiS ,3 >L t> i elTieeiney ratoi 
j/vull ^ jjJI Sjx-i PKR u*-j& j'^^ fAc cj j^Ji 

ejjjuaj Cju^bouiI Jflj .Ajcjjuiij j*ill pje-Jj lJ — lc ( l jj jl — SJb 5 ijllo J 

(jS/l (jJa*. (jA j hj 1 — 1 ^ 5^ C*^ 1 UtM J ^ Sj ^ j^ 1 «l j 

Jlij lop file 4ajJj .Aji«jJl JUm» H)A —II 1^1-uc.l ,^1 Aiij-Jall 
<C5 3lja]| O^JJjJ' ; U-oLi,j) Cjliii j jjJI l >axJ PKR — Si <»JS jjjijj ^ 

CliJ^suut J3j tl^jlj^y JjjL CjSjI PKR — ll Aijj la aoj 

l> AOxil iUjb AjjcVl j jjuhO Ajxl M A<\ )U1 J Jiill 

fjjftll lifc >( jUiyi ^ ^ CLlliu j jJl >?. t ij jfil CjUIj^VI 

FDA , _JI (> <JS ,> *l ^ ^ jaj'^ U j:uJ ajL^II ^ ^ji 

Protein digcstability corrected amino jbuc-bWHO 
Luujj l^j^I V-j ^}>-i» acid score (CPDCAAS) 

o-Ljiil PDCAAvS -11 ^> c ti^j .PKR ~ll ^> 6* ^UpU 

PKR -Jl ^l^lu.1 J >oi«l I'D A -Jl C^^JiSI n^l ^^-Jj 
Nutritional labeling and — 31 1> *. o&)>— ^ "^3—^ u n ^ 

.eduction Act (NLKA) 

LouO ^ yJa^All lift ^SsJ ClliljJI (j* JjJxll JjS (>9 J^aJl jl ) L^li ^-4 J 

^^suuuuj 1^.1 j — j31 ^-J ^-Jaill ,\; wl \ < \ t \\ pL-jz. V])A 11 J-«- 



ki^A cilti ui^kj Su-u^l ^ojSII jjjSU aL^s PDCAAS —II 

>Aill (j-LjS (JJ^ j t >*ill j| jaiill jjl pll u^liaj jl jiill JLjj&S 

jjlwul PliR : Vi)>U Jj-i«J fU ^ilj ej^uflU PliR jLikl >-Vm 

Oj^jSM jrf^ialj NHT PROTHIN RATIO (NPR) **Jc £_lk, L_ 
NPU jf^jj NPU j (BV) *j#JI ^ t> JS f^iuLj 

.BV ALjUbLi^j 

Protein efficiency ratio cjjjjj^I S*li* 
jjjiil AO AC asjSI a.jlj4j j — jjjij PliR — SI 

AT. Jjj ^ iJjJaJ jjjll fti-l jll ^jJc UiU PER AAjjJa .IwsU 

t jjoa-oll jp j jill ^jic I fl'njli j jjjll j A-fljiajuJI jl j — Jail jj — Si j — « 
Iji*-a-o QjjLSJl jfjpu A-ia>j j^ic. (_$i*JJ (jf jil <oj — *=>-* £ — « l$J — S jli* 
Cu^ i4*Ajj* jjfo J j^ 3J jB Ajiliill Uall vTjilS LolS .1—^ D^JJ-Ji 
Ajjuiiib jJji-»ll (jJJ jjjJI ja* jjiii fl) tClljl jJaJl >AJ ^ "ijl—jj 

SjjaJI y i> j£ l PKR li (jA>3j^l jU ^ LtijL-SB 

Aalil J-^u Ajli ^1 jSlllI ^—lo jL_I=J PliR jl C^j-^j 

jjjl jj^ll oi^j PliR jUi.1 ,> l yH . rtj Ola liili 2-*.^ 'W-.^aH ^ll-^ 
. jjj jjjJI Sj^j. ^ l>I ^Jl t.i* tUle JS 



lA JAC J £ jill (jjoiu ^ 4-a jJaiill yl ^lill ; <C j-aa-a ^.!\%">i,n"l 

% \ • jjJo <_$ joau 'Uilic j jjJc- ^jj 5 ( U 5 — J Y A Y \ ^ , 

«le. jASh* t ^ » (jc »Vc JS ^jl jiill Jut Jii "5fl l-l. %j 5 j>-j 
( <U jULJl ) qj jLSJl (jlc ,j; jixi ^jjjl Aaa, j]l ^ — lc Ljj — j jiu e.l_jj j 

t<jjlj^JI Clil jxxiJl j.1511 , Jc. if y\..,rv"i jjl i„,,\-,,.7>,; CjIj a,^! J 

0 j y<a ^ CjIJjjjUI j 0 jill Lij a j jj*a ^ Ol jJuA jj jSJl ^ \c ^5 j"i >"i j 

^ S jill Luu JafUa Ajli lA ^1} ^jjJll *idii-Ajl jl y\\ jjj U 

M\ 9 oU.>11 ^ *U 3*43^11 

Ajj^I cUSi ( fbi V JS JaVl ^ ) iuLii. Cil >ia Je. Jjlauil plijlj 

/ uj^ 1 15* j ^ ^ I*KR ■ .'■ . o'i U jj Y A ixti jaxuZ {S Jj\\ j 
-Ula oljiAJl ^jiJu pi. ^ill ( 1,Y° X % ) o£t>$ i> 

(,).. : l»liR 



Y 1*\ 



Ji jLLA aAjjJI lij* kJiA L-kxA PER ^j_J 

jA^l opjj^i gaaj T,o ^ J <jyji&] PER ty—LjSll oajL-SB 



J^-JI uhjj^ PER 

■ - PER 

ujLUI ^j^il PER 

a%kUi 

J ^jJI Jo clipjjJI (joj J PER f hVi J o-^j 

OjI j CjLnSjjJU JuS^I t> jjSi jpSi pUael JI J j 3a,Vi 
djli CjLiUjjJI (>a»jl JLisJ (> J5i JJ^SJ pUa&J j i^^-jl jJaJ jA-j^oll 
UJ^u JusaJI ,> J3l Qjli ^JuUill Obli jjjJI 0 j— a-j .jj- jUII j.1 

CjuuljI PER £LiL=Jl J* (Ja^l CjI ja}3j1I (jla A^Uil Wll jiaj (j « 

till jj^sj J j7» nfl <_Lw t^Uj J ' J^-a J— ji Cjli Sjjj-j^aJb 

(JJj. fi J I (J>« AjjjijSl CjLa.Liiia.VLj (J*aJ L«J 9 Aaj Sail j a ^ \c\ 

•AiJJ^ 1 J^ 4jjJ=~Jl ^H>S/I (>aUa.Sflj (Jjjlli (Jijjjjji t>-^Jjljj^ 

»j^=» c> cJai u_& c*u^ ul* ' — (a! — ^j^* 0£ — 
i> jl jiill E LA*I 4LUul tillij %r . \ o J£. Jiii Oj-Sdj (XM-M 
M j* PER J ^uijSI MjJI o) A^Sfl u-t— ottl 

AJiaU^JI J ^•imflll (jjij jjJl jliicVI J iib V idSju ^ J J-Jjl jAjij 

jij-a (J jLujj PER jxull Je JcLiij V (jill (jjJjjJI Oj .LpLaJ (j—le 
(JjjaJbil <jiu jjJl CjUk.Lua.VU _jU i-iuill* (JjjSj ftiii (Jj'l (J>o ^c. jll Jc 

'<jj>\ iJJ^i PER J^uib ^> j£ll JI cs^jp JSLuJI <, JL.J 



Net protein ratio c^jj^ V*i -t 

^1 jjaJI j4iU o»ja V] ^ L> NPR uil^JI opj^I ^ ttjjla 

jS oPjjJla tUjtsLaJI Je. aM^U ^j^UI o£}j$ Jj-JGIIj 

tfOeJ .JaJ j u 1 J PIU< NPR UJtfc u 

oliill ,^1=. I4JJJWJ j»j yjll Obi _jJaJl OJJ tr 1 b—^yu 
Jic NPR ^ i-iL**. pjj Ujj H ^ « uia^i jjjii jjJI ^ ^j.JLxll 

JL4/U ^Ljab jjVUll <Jc CiOi y^ll Obi jpjl ^ , ^ SjbjJl 

.(^jS )jA\ j>4 AjlbV ^5 ypic duic ^1 vlibl jjsjl <J j } J* jSall 

M Ohj-mI' > o^ 1 ^'h^ 1 Jji j» 1 (r>) • .> kk '" il 1 ,u t 4 * 11 J j J j 
, N p R 

Biological value and Net protein utilization 

^^pjl ola yd\ (j-uis 3 NPR , PliR Uij-Ja o-J^ 
C^ 3 .(N) ^jj^l oljxJI o- U ^ ^ NPU j (BV) 

Cllbljjia. aJjUulj (jill j^jjiiill <kJ ^ — i}o>. j jpojJ) jl j.. jail uia> 

,> Aj^I ^bUil ^U.b>l Aio Ujjk. ^jiliiJl ^jll J>Lk SJjW^ 1 

» (H) ^jjfciH j>l 



^ «M»J ajj^I cjLOJI dV^- J) LOiJI ^ SJiaU^l _^L_11 



BV = 100 (B BO)/ A 
Jo Cuii ^Sll OUI^I J ^jjteb :BO 



(jja-jjiiill ^ |*jmaJl <JaJ J jV'i-s all t jj2w jjJJjll AJ uU j tt> NPU 

Cp- NPU JjJau U^laij .^uiajl (Ji.lj e> jla^iaJ ^jj (_£JS SI j (Jjl'i "ull 

i. 1 ' ft-> I ^ iia. jjJjill (_g j"i-*> nil j oil lH^J_>^' ^^-.J ls^- 



jaua oil N 



Amino Acid scoring patterns 

OP 3^' (J 5^ *U jUu jjlj Cjua. .'UlwS'l ^uaLi^S'l J* iS ;"' a ni l 
jJJ^^I S^^ik, jjilj] t j jUull ijiij^l ^ o >4iuj 'V-iii-oS/l u waLar>.Vl ^ n 

luiwVl (j^U^S/l JS ji y-MiLuiVl yriwSi'l jl-uxaj Ul ^L-jJ ^ So "\ 

f >* . «a < |.U AjLlall (_>ijJ ^Je (jij j^l oJ ja. ^jjlii »m> jiLajj .m luiSfl 

a-i^ <il ilil ^ jaj .'Ui^iVl u uaUa.VI J — *> Jii j j Jl j\ ^ 

U JjJ*J ^jic ^JJ-oVl ^uauoJ fJjSj *AJL> >L J*i& LaliE. $ JLiJl lj$J A y.,i lia 

J.\*V I Mi l 0 

. JjJJUJ , li« ^Jl 5 jll JULbU 

JliLbU (j^bsll jriyull j!* ^U^Vl fjjft *j«u11j 3 

Lille jasmJI JS ^ tjJJ j jA\ a J 5a. jj Jjj 4j ^ <^ jAxJI JjS U ^.^c 

AjLLJI t> Jai ( jjjsj ^^Luu a dli J ^> ,»& ^^l JliLVI Ijc- U 

OJ^yi OP j J#ll "^i=J ^aJl i> uSl ^Jl ^3 j >-JI ^lilaL 

<J ^yJl ^UJI jj^ill ^ ^31 ^ ^US .Uu- >_aSVl jLJJaVlj 
•f»VI ^ 0^5^ j^jl AaiA«VI ^uaLo^Vl l_uSjj 
fjAjts^] j2 ^ ^5xj ^ill Oil j^l ^-x j — j^Sj j ^Ja jj 
t> AaSliiJl SjUI ^ ^,^1 j UjSj t . VU Vi UuSlI 

JJSj V^Vl ^voUa.S/1 l_uS^ jli ? l6 ^ w , »4aiuVI ^L-^^l 



tor 



Protein Digcstability CorecLed Amino Acid score (PDCAAS) 

jjjuiSjj -LuJlluiVl "SW^Vl tjisLaakVl ^ cjiw^l tjia-aaJI jl^4 L-jLui^J 
jkliJ 4j*£1| ^Jc jfo oil ^ Jja^i j^uiLuVl tgj^Vl JS AjxS 

(JjttJ ^ PDCAS *l ja«J CJi jk=J Hi ^Ull JJ-J ts-i W 

f nAo ^iu, (FAO / WHO) t5^l uAsj-^l 

Amino acid .cjljiu. ° Y j*c <> qujjJI <> <*_pUI ojL>Lj_ia.V 

.scare 

PDCAAS = amino acid score for limitting amino acid X % true digestibility 
t> c£jji jjSjb U?a lMW LJJ- 53 

sbiiVi ^ jjAjjjjii ^^^ai a^i ^ Jkk> u^^ 1 

* M lUS oiftj f£ i> ^ 

r^A t5« Jij^J cs^l ^jty 1 J" anti nutuitonal factor — SI 



4*1 >L ^jjlioJlj J^i ^jlaj lJ Lxj (jjj j^ii sj*> j — j^SH PDCAAS 
PPCAAS ZhjL ^^Uu WHO / l-'AO ^ a ji «PKR 

PICK J u.U-A«o 

PliR _JI f^j U^ic FAO / WHO stuiularcl -J 

ljjS ji ,> ^^.go^li PliR ~Jl t> * jW 6 - t-r* ( ( '- 1*1 iR ) "qJI 

v^js sluo. o^iS (liscriminiHti calculated IMiR (I)cPKR) 

.^Ull P'AO/WHO 
iliUjjJaill 

Amino acid -J I)c. PliR , (\ PliR -Jl UjjL t a ^ 
ajIi-VI ^Ua-VI (> >ia-<JI JS jUl&Vl 1 — jji i scores 

^1 Aji&Vl ^ **-ali Alio jLiifrVI lift j .A4jlii]l 4aa. ill jj-j 4a_jJ}fl 
— II {jj=>3 -W*^ ^JjlS iliLta&j (jjuiLuiI jlui ^^bAa. jiSi ^^Jc (^g p aJ 

^jjJI ^ ^ 15> l^U^J ,L^3 I)c - PliR , C- PliR 

Sj*] 1*31 3 Uuii Do PliR , C- PliR ^l^iul , 
j f U*VI fJiwj C- PliR *ij jla ,l«3b j luteVl ^ o£ j>-jll 

•J**ll J (J J*Z UM o-ajUu 2ux51 W iui^ C-PER 



^UPjjJi **.js-i (u^jjiu ^ n/^) ^u*Vi oii^Sii (r°) jj^ 





FAO/WllO/UNU me/a nroicin H9851 


FAO 


FAO 


WHO 


Whole 


Inl'uni 


1-5 


10-12 


Adull 


1973 


refer- 


/FAO 








years 


years 






ence 
protein 


1973 


egg 


iMilcucitic 




35 


25 


13 


4.2 


4.2 


5,0 


7,62 


1 iMieiiii* 


03(83-107) 


66 


44 


19 


A 0 


4.8 


7,0 


8.85 


Mpllitiininr* 

IVIV Willi! II 1 |L 


42129-60) 


25 


22 


17 


2.2 


2.2 






■uystonine 










z.u 




3,5 


5.54 


'I'll I'M. 111 1 11 J 1 

1 111 (.11111 11C 


43(40-5) 


34 


28 


9 


1 0 

2.5 


2,6 


4.0 


5.07 


Phcmilul twine 


72(68-118) 


63 


22 


19 


2.8 


2.8 






+ Tyrosine 














6.0 


10.03 


Lysine 


60(53-76) 


58 


44 


16 


4.2 


4,2 


5,5 


6.45 


Tiepioplmn 


17(16-17) 


11 


9 


5 


1.4 


1,4 


1.0 


1.60 


Adenine 












2,0 






llislitliiie 


26(18-36) 


19 


19 


16 




2.4 







Alsmeycr , el al, (1974) : ji-Ji 



ufi (jjLJ OjjjjJI Chemical score U jiyj li* 

Lysine , methionine , cystine and tryptophan 

Biological ajjj— aJI i*^ l P* 11 1 1 '■ A — *> 

j (PER) — M ^ja Ju (>aU^.Vl Jjki i> measurements 

.Protein efficeincy ratio 

PER = - 0.664 + 0.456 (Leucine) 0.047 (Proline) 

PER = - 0.468 + 0.454 (Leucine) O. 0105 (Tyrosine) 

PER = - 1.816 + 0.435 ( (Mehionine) + 0.078 

(Leucine) + 0.21 1 (Histidine) 0.944 (Tyrosine) 



.<jjjcJi (j^y^ 1 j Chemical scores 
t> ( B.V. ) Biolgical value —II i-An* c£*i lsj^ »>j 

B.V. = 1.09(EAAI) 11.73 

jAj ^.UVl WVl <>U^Vl jMfi cW— ( EAAI ) Jl^ 

U&JJi t£* ^"AjuiVI Ajjj-oVl (_paLo^7l Ajuul ^mVig II Jajui_£La]l t jC S jlj — & 

FAO / WHO _L oA-J & jj\ J\ "aA j&JI sjUI 

./UN 

La^a IjjJ i_jx1j -Lui-aVl (jiaL«aVl J CjliujjJl J l_ijja-oll <j — 4j 
(jjx-a £ jij Jaijjp (JSjSSI ^ 4 i >\yol\ (JaJjaII -Us. ^« (J — s 

t-JjlajSl jjjia <jt IgjLaa. ^ij PER —SI (ji jSilb j Jl>llj li—A 

(H) ^Sj Jj^aJI £tJ-a jjj AjjLuajaVI (JullSill j llfljll ^> !AS jSjJ <UJ-«VI 

u*lljj <_ijlajSl CjUI jia. l^Jft (Jj-aaaJl PER SI ^— 3 (j) J 4 ijllo 

(>L^Vl jjpSJ ^jle Aawj ^1 AjjJabjSl CjV^lj«-aSI (j* — lc J — unVull 

.yil SjLiyi ^Ulj JL^YI 



LuiUj 2LjSliiJl tii^oA PER _ii j*jas (h) Jj^ 



Characteri- Obscr- _ . . _„„ Difference in PER 

Sample zing ved estimated ran (eslimated-observcd) 





ingredients 


PER 


Eq.l 


2 


3 


Eq.l 


2 


3 


Meat and vegetable combinations 














1827 


(M10V40) 


1.7 


1.4 


1.6 


1.6 


-0.3 




-0 1 


2385 


(M20V50) 


2.3 


2.6 


2.8 


2.3 


+0.3 


+0.5 


o 


0570 


(M12V50) 


2.0 


j.j 


3.6 


4.0 


+1.5 


aU 


+2.0 


1231 


(M10V40) 


1.6 


1.8 


1.7 


1.6 


+0.2 


+0.1 


0 


1287 


(M10V35) 


1.6 


1.6 


1.9 


1.7 


0 


+0.3 


+0.1 


6210 


(M25V40) 


3.0 


2.8 


2.8 


3.2 


-0.2 


-0.2 


+0.2 


6216 


(M25V40) 


3.1 


7 8 

Z.O 


2.8 


2.9 


U.J 


n t 


-0.2 


6230 


(M30V35) 


3.0 


7 Q 


7 fi 

Z.U 


3.0 


-fl 1 


-U.*r 


n 


6250 


(M25V40) 


2.8 


7 fi 
z.o 


7 8 
z.o 


2.8 




n 

U 


n 

V 


6270 


(M25V55) 


2.9 


1.7 


2.8 


2.5 


.1 7 

l.Z 


-fl 1 


.0 4. 


6285 


(M25V35) 


2.5 


2.3 


2.3 


2 6 


-fl 7 
v.z 


-fl 9 


4-fl 1 


6316 


(M25V30) 


2.2 


2.0 


1.9 


2.0 


-0 7 

W.Z 


-fl T 


-f) 7 


6321 


(M20V25) 


2.5 


7 A 


7 5 

Z. J 


Z.J 


-fl 1 




ft 
u 


6341 


(M20V20) 


3.0 


2.1 


2.8 


2 7 
z. / 


-fl 0 
-w.y 




-u. J 


6679 


(M50V50) 


2.5 


2.4 


2.4 


2.7 


-0.1 


-0.1 


+0.2 


Poultry and vegetable combinations 














2386 


(P15V50) 


2.0 


1.9 


7 1 
z. i 


7 n 

z.u 


.fl 1 

-U. 1 


. n i 

tU. 1 




0553 


(P11V55) 


1.8 


1.9 


7 n 

Z.U 


1 8 
1.0 


+U. 1 




u 


1081 


(P5V25) 


1.5 


0.6 


1.3 


1 7 

l.Z 


-fl 0 


-u.z 


n i 

-U..7 


6220 


(P45V40) 


2.7 


1.9 


7 S 

Z.J 


7 8 
Z.o 


-U.o 




ft 1 

-U. 1 


6290 


(P20V0) 


2.9 


2.0 


7 1 

Z. 1 


7 8 
Z.o 






fl 1 
-U. 1 


6311 


(P30V35) 


2.5 


2.1 


7 3 

Z.J 


7 "\ 

Z.J 


fi /t 


-U.Z 


ft 7 
-U.Z 


6344 


(P15V30) 


2.7 


1.9 


7 3 
Z.J 


7 8 
Z.o 


-u.y 


n a 
-U.H- 


ft 1 
-U. 1 


6677 


(P50V45) 


2.7 


2.2 


7 1 
z.j 


7 

Z.O 


-U.J 


-U.H- 


ft 1 
-U. 1 


6680 


(P25V40) 


2.6 


2.0 


7 1 
Z.l 


7 

Z.J 


n fi 

-U.O 


n c 
-U.J 


ft n 
-U.J 


Meat, noodie, and vegetable combinations 












1651 


(M15.V10.N12) 


2.3 


1.4 


1.6 


1.7 


-0.9 


-0.7 


-0.6 


2157 


(M10.N10) 


2.0 


1.5 


1.6 


1.5 


-0.5 


-0.4 


-0.5 


1137 


(M15.V30.N5) 


1.2 


1.2 


1.6 


1.2 


0 


+0.4 


0 


1221 


(M10.NI0.V5) 


2.5 


1.6 


1.8 


2.2 


-0.9 


-0.7 


-0.3 


6012 


(M20.V15.N20) 


2.8 


3.8 


3.9 


3.2 


+1.0 


+1.1 


+0.4 


6113 


(M20.V20.N10) 


2.8 


2.4 


2.5 


2.4 


-0.4 


-0.3 


-0.4 


6235 


(M25.N20.V30) 


2.6 


2.6 


2.7 


2.7 


0 


+0.1 


+0.1 


6261 


(M10.V20.N20) 


1.8 


1.8 


1.9 


1.6 


0 


+0.1 


-0.2 


6291 


(M10.N20.V20) 


2.4 


2.3 


1.6 


2.4 


-0.1 


-0.8 


0 


6678 


(M25,N25,V40) 


3.1 


2.9 


2.1 


2.9 


-0.2 


-1.0 


-0.2 



Uibj jga jjji cjusixii PER _Ji _>i& (n) ^ 



Sample 



Characteri- 
zing 
ingredients 



Obser- 
ved 
PER 



Estimated PER 



Eq.l 



Difference in PER 
(estimated-observed) 
Eq.l 2 3 



Poultry, 
1 54 1 
1621 
0572 
1071 
1241 
1251 
1311 
6032 
6092 
6133 
6193 
6271 



vegetable, tind noodle combinations 
(P7.N6.V5) 1.8 1.6 



(P6.N10.V5) 
(PI3.N6.V10) 

(P6.N4.V80) 
(I'5,N15,V10) 

(P5.N15.V2) 

(P6.V30.N5) 
(P15.V15.N20) 
(P15.V15.N20) 
(P20,V20,N10) 
(P18,V15,N10) 
(P10.V2O.N20) 



2.2 
1.9 
1.8 
2.5 
2.2 
1.9 
2.6 
2.8 
2.6 
2.8 
2.9 



1.1 

1.2 

1.1 

1.3 

1.5 

1.2 

2.0 

2.4 

3.1 

2.4 

2.1 



Meat and dairy products combinations 

2540 (M12.N12.D2) 2.5 2.1 

6274 (M20.V35.D5) 2.9 2.0 

Meat/poultry and egg combinations 

1841 (P6.E6.V5) 2.0 1.9 

6686 (M30.E20) 2.8 2.6 

6690 (M20.E10) 2.9 2.8 

6695 (M15,E50) 3.4 3.1 

Marine and vegetable combinations 

1367 (F20.V35) 2.0 1.8 

6241 (F2O.V20) 3.1 2.0 

6243 (F25.V25) 3.6 2.0 

6245 (F30.V35) 2.5 1.9 



1.8 
1.3 
1.4 
1.3 
1.5 
1.7 
1.3 
2.2 
2.5 
3.0 
2.5 
2.2 



2.0 
2.2 



2.1 
2.7 
2.4 
2.9 



1.9 
2.2 
2.3 
2.0 



Poultry, vegetables, fish, and rice combinations 



6294 



1.8 



(P1O.V30.R 
15.F10) 

Vegetables (no meat or poultry) 



1601 
0571 
1021 
1141 
1151 



(V50) 
(V65) 
(V58,N5) 
(V50.N3) 
(V35.N5) 



0.5 
0.8 
1.2 
0.9 
1.1 



2.3 



0.9 
1.5 
0.9 
1.3 
0.8 



2.4 



1.3 
1.6 
1.2 
1.6 
0.9 



1.6 
1.9 
1.8 
1.6 
1.6 
2.2 
2.0 
2.8 
2.3 
2.6 
2.4 
2.9 



2.3 
2.7 



2.1 
2.7 
2.9 
3.3 



1.7 
1.9 
2.4 
2.3 



1.9 



0.9 
1.0 
1.2 
1.2 
1.0 



-0.2 

-1.1 

-0.7 

-0.7 

-1.2 

-0.7 

-0.7 

-0.6 

-0.4 

+0.5 

-0.4 

-0.8 



-0.3 
-0.9 



-0.1 
-0.1 
-0.1 
-0.3 



-0.2 
-1.1 
+1.6 
-0.6 



+0.4 
+0.7 
-0.3 
+0.4 
-0.3 s 



0 

-0.9 

-0.5 

-0.5 

-1.0 

-0.5 

-0.6 

-0.4 

-0.3 

+0.4 

-0.3 

-0.7 



-0.5 
-0.7 



+0.1 
+0.1 
-0.5 
-0.5 



-0.1 
-0.9 
-1.3 
-0.5 



-0.2 
-0.3 
-0.1 
-0.2 
-0.9 

0 
+0.1 
+0.2 
-0.5 

0 
-0.4 

0 



-0.2 
-0.2 



+0.1 
-0.1 
0 
-0.1 



-0.3 
-1.2 
+1.2 
+0.2 



+0.5 +0.6 +0.1 



+0.8 +0.4 

+0.8 +0.2 

0 0 

+0.7 +0.3 

-0.2 -0.1 



TV 



Sample 



u^Lj AjSi jiJi iO»aJ ^ PER -J (n 

Characteri- 3Biei^ Estimated HBR 

zing ved ^ 

ingredients PER Eq.l 



Difference in PER 
(estimatcd-observcd) 

Eq.l 2 3 



Noodle and dairy products (no meat or poultry) 



2512 (N20V15D5) 
2701 (N15.D10) 
6260 (N25,D15) 

6265 (V20N15D10) 



1377 
1467 
1857 
2387 
2957 
1197 
1291 
6272 
6292 



(M10B35V30) 

(M4.B50) 
(M11B55V10) 
(M20B35V20) 
(B80.M1) 
(B40.V5) 
(M5.B60) 
(M15V15B20) 
(M12B30V25) 



2.4 
2.4 
2.6 
2.5 
bean 
0.7 
0.7 
1.2 
1.0 
0.5 
0.9 
0.7 
1.7 
1.5 



1.6 
0.3 
2.4 
2.3 



Miscellaneous products 



8 

9 

10 

11 

12 

13 

14 

15 

16 

17 



18 



Lean beef 
Partially defatted 
chopped beef 
Partially defatted 
chopped beef 
Partially defatted 

cured chopped beef 
Partially defatted beef 

fatty tissue 
Partially defatted beef 

fatty tissue 
Partially defatted beef 

fatty tissue 
Collagen 
Yeast protein 
Yeast protein 
Yeast protein 
Yeast cells 
Yeast cells 
Yeast cells 
Yeast cells 
Danish pastry 
Beef and partially 
defatted beef fatty 
tissue 
Beef and partially 
defatted beef fatty 
tissue 



1.9 
2.0 
2.7 
2.4 



2.2 
2.4 
2.3 
2.4 



-0.8 
-2.7 
-0.2 
-0.2 



-0.5 
-0.4 
+0.1 
-0.2 



-0.2 
0 
-0.3 
-0.1 



IS 


2.2 


2.3 


2.1 


+1.5 


+1.6 


+ 1.4 




1.9 


2.0 


1.3 


+ 1.2 


+1.3 


+U.0 




2.1 


2.3 


2.1 


+0.9 


+1.1 


+0.9 


1 


2.7 


2.9 


2.6 


+1.7 


+1.8 


+ 1.0 




3.3 


3.4 


4.2 


+2.8 


+2.9 


+3.7 




1.6 


1.8 


0.9 


+U.7 


i ft n 
+O.V 


U 




2.3 


2.4 


0.6 


+1.6 


+1.7 


-0.1 




2.4 


2.6 


1.9 


+0.7 


+0.9 


+0.2 




2.0 


2.1 


1.8 


+0.5 


+0.6 


+0.3 


2.8 


2.9 


2.9 


2.9 


+0.1 


+0.1 


+0.1 


2.4 


2.3 


2.5 


2.3 


-0.1 


+0.1 


-0.1 


1.6 


1.7 


1.6 


1.7 


+0.1 


+0.1 


+0.1 


2.6 


2.7 


2.1 


2.6 


+0.1 


-0.5 


0 


1.1 


1.3 


1.2 


1.3 


+0.2 


+0.1 


+0.2 


1.7 


1.5 


1.4 


1.5 


-0.2 


-0.3 


+0.2 


1.7 


1.5 


1.4 


1.5 


-0.2 


-0.3 


+0.2 


0.0 


0.1 


0.3 


0.2 


+0.1 


+0.3 


+0.2 


2.1 


3.0 


2.2 


2.3 


+0.9 


-0,1 


+0.2 


2.2 


3.2 


2.4 


2.1 


+1.0 


+0.2 


+0.1 


2.3 


3.3 


2.5 


2.6 


+1.0 


+0.2 


+0.3 


1.9 


2.6 


2.0 


2.8 


+0.7 


+0.1 


+0.1 


1.8 


2.4 


1.6 


1.8 


+0.6 


-0.2 


0 


1.7 


2.5 


1.8 


1.7 


+0.8 


+0.1 


0 


1.8 


2.6 


1.9 


1.7 


+0.8 


+0.1 


-0.1 


2.1 


2.0 


2.0 


2.1 


+0.1 


-0.1 


0 


2.5 


2.5 


2.4 


2.5 


0 


-0.1 


0 


2.5 


2.5 


2.4 


2.5 


0 


-0.1 


0 



USDA (1973) ji 

M=meat, P=poultry, F=marine products. D=dairy products, E=cggs, V=vcgctables, N=noodlcs, I?=bcmi 
notation (M20,V15,N20) indicates 20% meat, 15% vegetables, and 20% noodles. 
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Essential amino acid index (EAAI) ^uhM\ ^tl^Sfl u^-^Vl JJj -1 

(JjUjjJI ^jjj La ^luiill iiL AjiiiUiiS?! ^ajj-aVl i_y=L&^i\ i^Ajuh ■ 

VJuAi u^UxSn 



ng sample amino acid X . all essential amino acids 



n 

EAAI = \ 

rag such acid in PR 

PR = Protein reference 



Aijjla essential amino acid index (EAAI) Aiij— L j— &u 
<Dc- PER , C- PER Jjt d&* pliill <^jjJI j^jBI 'a^j» 

.^UuiLuiVl AaLlq^I (_)JaL«A.Vl i>* eliill t 5_oJa-« ^hVunlj ^ijjiaJI alft l_ua*j 

jjiQ (J^LSa V Upli C- PER , PDCAAS 6> ^—-j 
Protein Digestabilily Assays fJ^U cJJJjj^l CiIjjJaj -V 

(^1 yi) jui oLsjsy ^jjJi u^jj^ 1 ^ 



Y *\ Y 



^ji tilli £-oj <clLy jiVt cJsiil 4jJajt (JjSIj 4jAjjlu]| Jsul jjll ^ja AsJaII 
SiLuaVlj «'LajJaLjJl CjLujjV (JjujjjII qa jjlij J13 Lua^t Cll^^lioll 
Jclij Jla AjawVI <_>ialaa.Vl i_y**-t OlSlcliill o^A jli til li ^ Si 

.Qimjlll 4-k-ala.j ^AuiLuoVl 4au«S/I j_>i>Laa.Vl 

In Viva Assays ^ Jib cJ jLuiVI - t -V 

JaaJ (jaJl fuuiaJl UJJjjJl (xiiaA <JjIS jLu=J ^ 4»,'l>rtll » jj ■ ~A\ J 
lA£ CP- (jL^VI iJ OH JjJl — 1c JjVJL-J (J_xiaal 

t> i5* ( f> v • 0 ' ) U 1 jSiM JjSi ^ 

Sjj.iL ^UJl pbi WJI t> fJ J JSj .( e bi 1 JSII ^j-auJl ) j»U o 
JLjij »!& J £jj Jj 2JL±y\j dl&aA pliiil ^jj jjjaj flj jloll 

Jo Upjiij ^ jljiill ^uUm . JjJI ( <£>Lpj ^ .^J) 
^ ^ t>-a3 J (j^jj %^) ^ L_frj V-^j 



1 . . X • ■ — ■ ■ 11 

U.x =^^^^13% 



ts* L*£_5J^ J*^ 3 ^ (O^ ^ CiVUia-Vl t jl — uiSll jiijj—jJl 

iic Ajli .ksj jju^J j .4"ihOUj tJ il=kjJliill tjjljj — 1) 4_JjJl jl — ujVI 

In vivo assays ^ jS^l £jL* ^IjW^I ->f ~ v 
^1 jSl£ll jr jU iuiiWM ^jftl *^ 

La Sic j Up* idiujiYI j ilAijS jjJI fu^A fgfil l^l^lml ji-J ^ — jIIj 

(jabjSjJI OLajjjJ 42Llj»-»l! diajjiVI fl.iiluilj jAJjiii. ji 6J— Ja=» 15—* 
j v^.t i^li C^UjjfiM 3j «. null j jg jjJl iila-JI ^LoJiV 1 J 

.JLoil-J W«L. j oLajjiVI yJ j-j -csj^l 

1- pepsin . 2- pepsin pancreatin 

3- papain 4- papain trypsin 

5-ytypsin 6- trypsin chymotrypsin peptidase 

7- trypsin chymotrypsin peptidase bactrinal protease. 



JkaJI jljsL* tlya. qa LLum ^ia^U ijLlill L yas>j JjJa ^Juiiij 
^aiiuuJl fjjjVl oaLuil Jc ^ l ui'sil l (j^Aij -jJJjjJl J^l Jia^ll tf-laj 
AJajJ jj LLum ^Safl.N AjIASJI JAiflj ^Ilj .^jJo^JI (^fl ^U. Vn'u . iaI I ^3jj-Jall j 
( t^jJJjjJI ^jjiull tsy^ J* ) cr^JJ^ 1 C5ii-^JI 
Ujj aSjIj <_i jjliM oi* j ( jj^Vil l S J ja. 3_j. _Pj pH II j 

Jcliull J*u« JUetfiJ i jJ Jj fjjjyi *aud -fjj-tyl 

jjijj eJta-<JI Aji&Vl Ja jli* **l**Vl J ^yajj—J! j—aij V 

.Jlajll CjLoJjjy (JJJjjJI -UuiLua, 

pH Shift Method ^ -r-Y 

,3jU! C- PER -J UijI-j aJ LiU- ^_LU1| ^.ft 

liA j .(jjjjlSJlji AjjlialLj jj'l>, *ll OjJJjJl ^-<aA uAjuoa. ^JJj Uj Si 

• OlAjjJl Jkjl SLa^ij pH —It J iM^J (>bUijVI wj 

^ula a JiSj Cih/mll juh^'i Jc (jpjjjJI JjS^J CjL»jj__jJ J — tu ilu & 

pH —11 <>aii uJiuu ^pll tjja.jjJjjJl Cjljjji jj_ ajj Jj—uSjjjSJI 
pH - ji pH - Shift Sijjiill e jA Jc ^Iki t.i jluJI I i^l j tJa j„ K ,aU 

■drop 

(jjjjil! dlLojjjJ t ili>ij A J! pH 11 ^-»-Ia J-a^Jl fSj JafJa £ « ^"Y 

>jj peptidase j-j^JI j Chemotrypsin Qi-^i^y^ j Trypsin 
bactrial pratecase (j jj&JI ju jjjJ ^yA ciLku JjIIj ^ • i j_ja 

Y • SJu] fVY 3^ Jc. ^ ^'00 3a. jJ Jd j^iU ^Ua. ^ (^JJjLjVl ^ _>i 
rjj LqS ^ua^U 3jLIa]| UioaJij .3jJa j^aJI jjj j»J 5ilaJ 



Y"\o 



SjOlall ^la.^H AajSII JaJj pil Ajl (j* ^C. jSbj LLjXaLxjJl JiL-i 

^1 ^1 ^1 t- ^ pH-Shift SI ttjj-Ja* 

4j*£j| £iiDfcS»NI LjuuaHj J^J V Ijjla Csliu jjjJI ^ <*ftjJ jj m nil 

OA pH —II J pH Shift —11 %kjh, ^4 ^jll ujJIj 
buffering capacity SjmjlWill ajuuJI jl L£ J&liill jj — m 

pH -J f2j J*UJ jjIjj Ujj s.liili if jiftfl Jl >JI j ^LipjjJl j OlAuwl] 
AjIliiaJl 3_ujJa$jt A-cliiSI (JiiSjlj V .dlljboiVI ij>a £jiSl li_A <s.li_jl 

.iTjlijjjjJJ 

pH State Aij>-*-v 
Si jL jjjkl ^ pH - shift Aaj j> j*Jl JSLSuJl J& ■ . ib*i \\ 

S JJS (J&UUI Ja jla^aj pH —Si f3j I'ljfr') ^»>>£-SS V^* 

t^jjj Lai AiljiaJI j^aaJjjj . j j^-vM l 

CjLajjj) ^ (J Sfca <-il u5al ^> — J A ^ — SI pH SI j 4 — LijAail 

• , 1 ^jjJ_ji-a ^Uii^jjili Jjla^ 3-kuil JJ ijs-J jjJpJjll j jJ — uUjJjA&ll J 

t^jL LS i-^ S\ ^jLUII 5jjuu t_iuia>l .tSftb ^ > SiaS 
[ v x £V,VV ] + VI, 1 £ = c ^ & \\ UiUSl 4±A 

pH -SI Aii> ^ p.^H (jii JJf J 2bLli gr tsa-l -pH shift 
^..i^'.ti plil AiLiuJI ( i ^ ^ • ,^ ) ^liaSI SjcUII t> state 
^-^j ^j^V 1 Oj'^H A f*J ^ pH -SI ^ i> 4_Lal^lS 



pH shift _JI «j> t> JSi P H state -Jl ttjj-L jL_i 

JaU^i tjlSj « cs aJI tjjlSjl (Jib <>*JaftJ I ^1 Jjuiaai Sj_»j-aJ iaJjj_jj 

•ORjJ^ ur=Jl ujISM Jib ^^Jl Uila 
Immobilized Enzyme Assay J«*J j^jiyi ^LjJa -o-y 

du*. ^aJ J3l£3l E jti j^i! AJbUJI jjtffcjjL jjjki 

J^i i> ( 2000 Ao) U jlas cjLjS ^ cjUjiyi J ^ 

CS^I (Jj^l f*^ 1 jW <-£*i 4JJ*]I j>3 tiu*. j jj\ .LL__jjVI 

JcUjj dijA OI.1ujjJI Jiii diUjjjjj J «a^l| g' ■"JJU^J 

O-phthaldhyed <*\iA\ J* 2^ j.^J sjj^jJi Cib__uSfl 

^jS t> AikJI AuKil Id jj_JI * j_a. ^ (OPA) 

(IjIjjaaIi Ajjxii i$j ins j ^jiiuS a j y t>i_jsj tu ^ i .vn Vi 

Amino acid Availability ^CUll ^iuVl u^aJl -A 

(>u^bu wii ^k^u um ^ c hji u—^i AijL 

jjjjj S-ipc i_iLiuiV <iliijo 



OiaUa.Vlj jil ^JJJ Jajli* ^ Q± caJl ^ja-ij ^ ualol 

. -Lu UiL.VIj J^JI (J^JI jj^JJ OH S >^iU* ^_Li 2_i5lc 

* U^JJ^I cs^-^l OJIJS J t^MI t>bl jiaVlj -oPjjJI 15-i 

U> ^liiil ^ ^LuVl (jiL^Vi (> SjISL^uVI u-J* >Ji.}j 

T JJ-^ ^4? tf^SlI o^aJ OjiS J J AiLiyb Ato^ll o^aJl 



Y TV 



QjS L»-iic Luajj^oi. ^Ja$U l^Jjliiu iaJJjJ ^jVuVI (jiaLuxVl £ JJ'iSJ 

Uls ^Vh-JI ^ ( ^1 £ jL-i ) 5 , \ — \ i ^Ljj_L3I 

(Jj^aj Jllull (Jjjlui j^ixl i J*l jc S^su f^a^Jl jjj jjJI AjLLS j_ !ibj j 
V"* Ji J jaJl *^ L*PjJ^ liaftaii ji ^\ UJL}S Jill J-jiS 

Jajl jjll LjV (jkJ^Al JjJl Sijjl Lu j-i.S/1 ^UL.t,J 

c^Uill J ^ tsllj .Uik jiihil ^ jc j_j&1 uj-^j s ,: v 

(>UOU Jajj l_U^ ( J j^Lui ) ^SjB tj&lij AjitS/l jjS <*jU1I 

^yJaxj *J/ j .\Ac l±j*ai ^Jaflll (JjJjJill AjUS jialikjV Aj — 
(jiboVl t^^Jl Sift^VI ^juS (jo IcLLil *-Jjj-&! (jiaU^SlI SJJ^>-J 

t-Jjll-xill ^» c*ib Ij 

.^J J jail A^LuiVl ^ii^Vl 

ti^jj ^jjl CjUjj jjjS ^inVl AJjIjail *L>U*ll lS^j .CSU . «.*3I 

fJil! Jjjft Aijjla ^tij (jluVl (jiwaJ J JjS5 lil jl ■- 4j An 

(jys^ . i-nunl l (joLiflll V^J AjI Jbu ^SjaJ A-iaAj ja j .3jjA>Us1I 4j*jua$ll 

(jSlj ^uixiVl (J^Ul^VI JS1 jjiloSn (jiiAaJl y! jil <_jl — uia. ^ uiJj 

OiwaJI ji JjVl J^-oll tjjxaVl jiiAaJl ^ (iUj J^ajL 5 ale 3i — ^aJ 

■((Jj?-) jlji> ^ JJ^ 1 15^* LH*-^ 1 (f 1 J>) tJ-? 1 ^ 1 ur*&\ 



^ JIAj ^1 ^HJ! Jib C HJ| Jp£ 

SJ^II ^UVl 4jii*S/l o-L^Vi t> *>J (jV (jiijjJI Sjja. 

^aij (jlijLjJIj oujjjill tQu^ 1 'O^jAj* 31 ' 0; 

c tuli Wj^jj^I ^IjjM 

Microbilogical Assays for Amino Acid Available 

Streptococcus ^loVi ...b Aaa. jl cJj_j:&]| 

Zymogenes or pidococcus cerevisia (acidolacti) or the 
<_iLuiaJ 1^1.1^1 (JIxlJI ij^t protozoain Tetrahymena pyriforrni 
^jiVL j^LaSI <LU* ^ ajI^II ^ .. c UxJl ( > iv B 

Jajik^ J\ ujj^I JjS ( Papain -Jl u\ ) & J kxll 

t> Aj^JI ^l^ij^l ^Ijj .LjSja. <JkJ jaLLaII <jjj ^ 5', „ 

Uii r bJ sje. jjU^iSI sjia {jjiiuuj . jjIs^JI ^ Cil jj 
uiWtfl t> JS jj^SiS S zymogenes — SI t_i jj £u ^ - ; j 

j-iLj .ji^aJl liA (jijfl ^AkW, Vj ui-yiSl J j] ujjj lull j-H^ 

u^jj P. cerevisia u jjSj- fl.iiiuL La. jl jjjjjIl, ^ 
(ji.Ua.Vl jLili.1 j j_j^ai! Protozoan T. pyriformis SI -i ^' 

jUiiVI i> Ljjla J, n«i*ioB CjU jLuJI j .^Ull J jjli^jjiSI 4c ji3jjj_JUI 
<> l^lc lU=^SI ^liiSl ^ l^jj T. pyrifarmis P hVi ,«b 



uJLtf J&\ **5L£1I djliL^yi J ^ ^jJi A^ti jj— »j 

terythorbate idil jiiSI t^Uj^JI jjiJl cdiUj^jjill :lU5uj 

■protozoan 
Assay of Lysine <>*jUl jjJtt - ^ 
1-Fluaro 2,4 D initrobenzene ^l^^b t>*}lll jjiu - ^ 

1-Fluoro 2,4 II £ — • j Ml oiijj *SI JoUa j 

DNFB —II J^lii-J ( DNF B) dinitrobenzene 
urjj^ csV^ 1 ^ oauuUI -i j_aJI oj—^I 

cU*-. j^l jjIl^I QxijjJl AlLs^h DNFB _j <_U*«1I j j&A 

.DNF B — j U4*JI 
(Jclij C VUI Qiuulll jj^i5 ajJL, j&jjK. ...Vl J. ,Wj 

-SI ^ kjULj o£ jjjSS t^UI cJikjll CDNF B _!l ^ ou jj-JI 
fc* oj^j-Ap H j*- ^ 1 d£l j— DNFB reactive lysine 
^ ^-=»jj (DNP-lysine) ^.Ull Cuj^fcjj ^ ajjjKjjAja ca-^M 
orf t> tjluLi - reactive lysine —II ^j-Ja <j)_i 

oi* j ..iSU^Vl ^ ijj^ t^UjjjJI jjiJI cs __ a Jia.tL-JI 

t5>^ ^1 ^jifcVl CjLyijjjj i.iSUu.Vl (jj^.nn ^jaJll «^L1ujjj « ; UL- a JI 

DNA lysine —SI iiAiLi. ^UiJl J| Jjksll jj^n y_sll 

.Jcli&ll jl DNF B — SI t> i-til j ^ 

YV • 



Trinitrobenzene sulfonic ^l^iiuib uauJII jj^sj -Y 

Trinitrobenzenes *UI J ckj^ 3_Jjlill ^Vi .. .j 

CjIjU^ J «illi . jaJI t>yll ij-Ljil sulfonic Acid (TNBS) 

JSi ujSi TNBS lysine -Jl 
TNBS -Jl uti DNFB -Jl ^ iHaJl > L£j DNFB — II dia A« 
yjbll ^jM j jIl, JcliJ AjIjj J 2b jSLJl (jAuJil CjlEuSU £—* JcliLJ 

TNBS -Jl CjUtLiJ JLu d^j .bjja. iiiuy V j j_^aj ^.jll j 

Ujj labeled lysine complex Jj^j* J_clij <5jSl_JI 

.^i I4] V DNP -11 cjlSLiu 

Enzymatic methods ^jAijjyi (JjUl _ V 

AjitbU ^UoLi. SJuLq all jjA—uullI J_pajJ ^ojj_jyi (JJ— lall 

4a. jj! Q^juaaio lysine decarboxylase -Jl fjj— j)j <£l j^s* jjj— £1* 
biogenic amine cadaverine , CO2 g%j L- lysine s jjjS 

'L$ _jVjJI ^jil ja.jjLaj_£ll (Juilaall ^LvVualj 4 uiUS (2^SaJ Laj La 

Dye binding - method '4 *u*\ \ l>Lu jVI <jjia - i 
Oza -Jl QUj.rfiH LUSjVI s jjS 

Orange 12 , Acrilane orange G , 1- phcnylaso 2-naphlhol 6 sulfonic acid. 

^jli (jjja.jVl jl (JjJiluiJI t(jj>i'jH 4j^&lall (jj—aVl £- j .„fll>« Sc. 

S^sLqj 4jUJui CjLuiUall oi&j ( (jl jjill jJc. J <JjUa.S/l (Jjiall IjJa. LJaJJ 
jiihj t_i jjJI j Aili Jll jjlJI iljUiJjjJ diilaJI kaSlI jU-Ja.V 5_^U. 

JLjJS J olajj liLjtfl j ^jaJll *fc JS oj^j gfcill J .Sjj-aJl 

0_pLa JoliSl Ajl^jJI J 4j jSlall AiuiUaVl gjl jill Oza H ■ -I 

dilaJI ^ J j=J Oiill ^ t i.ffll 1^1 Jiiuil V AAjjkll ^ ^la tiUil _j 

£ jj ^^aijLj IJ ^jjjuoll CLilajiJl j AitoJl jblVl *Jla. J j c^ilS dillij jjj 

J SJftL*Jl Remazol Brilliant Blue t-i>-*j ^ ij— • 



iJ-wVl (»J^? " £-4 Aiij-all (JclsGuj .sJ&Ia (Jcliol 4_}SjVi gjljjSl ije i_iiSll 

Assay for Sulfur Contaning Amino Acids 

( ^jluujJ l i (JjUuiuJI tQiijAoll Ji« AjojjjSII AjiuVl (jisLiakVl J 

jSUj t>al«kVl eiA o! -"^Vl ^ .Ua-all A\}ii«Vl <>aLa.Vl Si—c 

AaAoaII Sjji-all jj^ail jjjla .la.! Ail! (J iI&U 

5,5 dithiobis 2- oj&^I J* 1 ^ dithiothreitol aJL-jJjj 
.fc jSloll cAilAJ a^oS nitrobenzoic acid (DTNB) 
dimethyl sulfoxide (Me 2 SO) —II J J^.\ ajS*j q^jx^Aj 
aJ^Ijj Lu£ o jj^j tjlw uiM j dimethyl sulbide (Me 2 S) 
(j — * X g j lr- J — k-aajUl — illj .gas chromatogrophy 
.^jjliJ jjjSjI ajslj! jjJI ^jlall l^ja. Jaii ji dimethyl sufide 



YVY 



Lipids ^liuJQl 

jjcj Heterogeneous <»4ijUl« j^t \+L ^ijja. Cjb ->j 

iSjjjS ^jjajuaj V] ^ cjjisV ^' Hydrophobicity *■< all V-*-* 

.cijlySjjJi J cjIjajAjjjSIi 

CjlauJji — uijiB - Wax esters £ — All dj| J3 J - Glycerides 

^wj— jSII cU^ — jl^UI - Glycolipids ^lAi_aJ jSjM - Phospholipids 
Fat soluble jjAAll j^—a oWj^- 11 tyill irAi__ufcijill - Sulfolipids 
.Sterols cjVjjaIu.V! - Carotenes oliu jJSS vitamins 

^ i>j Hydrophobic <^ j^t J jIS ^ Hydrophilic *UI1 

tf*j esters cAjJs o^Ujtfl ^ j_j \ ti ij aC yl lipids 
amids iIjIaiJ S jj*-a ^ jJI jj^U^Vl ^ _p ^ jiVl CilAmlll 
^u-aU. j^Ic SjjjS 4aj:u acyl derivatives ^LoiVl J$ > -i<i 

.tiiljjiil] hydrophobicity —31 
Organoleptic AjicbU ^j.n^ll jaJI (>J ji. ^ cjIjujJJI 

.quality 

.Ol^l ai* <> ijjfcVl tijia- joijJ (rV) j JjJbJIj 

Yvr 



rood item 


Percent Fat 
(wet weight basis) 


Cereals, bread, and pasta 




Rice, white, long-grain, regular, raw, enriched 


0.7 


Sorghum 


3.3 


Wheat, soft white 


2.0 


Wheat germ, crude 


9.7 


Pvp hrpfifi 


j.j 




1.0 


juiury pioaucis 




Milk, whole, fluid 


3.3 


Skim milk, fluid 


0 1 




11 1 


i uguTT, plain, wnoic muK 


j.Z 


TfafQ finrl nilc 




I jflrd sh nrfrPTi i n ni 1 q 


inn n 


Rnttf»r with cnlt 
XjULLCI, WlLli odll 


Rl 1 
01.1 


Margarine, regular, hard, soybean 


on < 
oU.j 


oaiaa dressing 




Italian, commercial, regular 




iviayonnaise, soyuean on, witn salt 


TO A 


riuiLa dnu. vcgciauics 


ft 1 10 
U.l L.jL 


L£guines 




Sovbeans mature seeds raw 


19 9 


Rlflr*K nPfitiQ matins c^^H i-ji\x/ 


1 4. 


jyieat, poultry, ana tisn 




Beef flank senarflhle lean and fat 

■l^vwjl, xictiijn., auucu ouiu iwciii culu icll 


10 7 


Chicken, broilers or frvers breast meat onlv 


1.2 


Bacon, pork, cured 


57.5 


Pork, fresh, loin, whole 


12.6 


Finfish, halibut, Atlantic and Pacific, raw 


2.3 


Nuts 




Coconut meat, raw 


33.5 


Almonds, dried, unblanched 


52.2 


Walnuts, black, dried 


56.6 


Egg, whole, raw, fresh 


10.0 



USDA(1997) :j^Ji 



Essential fatty acids ijuAJj\ V-^ 1 — «>bU ji^mj 2 gUall 
A, D, E, K cA^JIa ^ j djlouiill ^ ^Ljill aJjUSI ^U^liiillj 
uj^> tsAj Lipoproteins OjUu jjjjjjUI kjl* CjUj3 jjjJI ^ iujjs 1.^1 

Classification of lipids ^IJj&II! 

Butter - ^jll oiAj Visible fats s£ ^> ji CjIauiI 
Shortening - Margarine dij^J^ ~ Tallow jsjII ^> 

£JJ - Salad oils ^Ul Cjj-tU - Lard jiUI r A - 

•Cooking oils 

dAj£«£ ^sljj ^Aj Invisible fats jjc. ^y,^ J oIauJ -Y 

^JUI Jjjkill gflji ^ :USl2 
Simple or neutral lipids ^Jomj ilULmi - ^ 

jjA^llj CijjjSI Ja^j ^jiAj (jiUa.Vl CjljU i> Sjbo ts _A J 

waxes j^l j ( Jj^laLJI ajja jli ^L^Vl ^1 fats & oils 

ts^b *i-all ^ fats uj*^I i> oils ^jjj-JI » «ts 

^Fjjj du* t> (^jUjSlI ujS Jill ^ u& -i >yi ^^_J 

YV<> 



unsaturated fatty acids 4*j*iuJ! jjc. <_>al — a^Vl o— * h\JLs^ 
2L«ij]b (jjiiJI j saturated fatty acids ^aajSuJI A\ ^LskbU <± uul b 
^liijV I jts Aijiil s J Jc. fJ jill ajLo j^iS ^311 fats OjA^ 

.AjuAaII AjiA-ill ^LoaVI t> IaI_£s>-» 

Compound lipids *A>« -V 

njjjnnk i> ^ j : Phospholipids cjlAuJjL_«ja!l - 1 

JajuSj dil Jjiji jiu, jail eiA j Aii jji S^&IS ^UJ*"-?* U^***- 'V*- 5 U- 3 ^ 

«^ c^l j phosphatidyl choline jJjS J^li^ja :*&\ CjUj-LJI 
phosphatidyl ethanol dj*y ck^U-^ja " lecithin lW-^ 

yLu> uy \ — *Aj phosphatidyl serine au— 01 — m jill j amine 

phosphatidyl inositol ck-^ja " cephalins ^I^Mj 

•Plasmalogen u^jlUJ^» " sphingomylin jA^j^VI - 

(jiaLo^l t> U»U sjSjju ^a j :Glycolipids - o 

U^lj W jj** (ol Jj^a) ^IjAfAj^jSj *±-iaj 
-Cerebrosides ^Ij^jjijuJI LiJ ^ ^jj^j 3 

lipoproteins ^jj^j^ <_U^ =l?>' ^->* " £ 
.aminolipids ^l^ji*Sn - sulfolipids a^j^I 

Derived lipids UUlJI -V 

*Glycrol Jjj^yM - fatty acids <>L^Sn 0 j_Aj 
^jjji—^ja 0 n ^ - alcohols - sterols jji—VI 

dj| j^A jjjS - nitrogen compounds *A>J Jclj* " phosphoric acid 
^Ul ^IjluJII iiAijUl 0^ g31jS si *J ^carbohydrates 



YV1 



neutral <SjI*1»1I CiIauiIII LaAj jjj^ Of 4 *^ cA' ^'Aw^l j» — 

l_ a^Ijj tJCs^VI ^ j-jj polar lipids 3 j jWtt l iUAi_yUI j lipids 

jjc. cAjjUI t_Jjii JjVli (jUjill ^ Jj-jj ^jjlill i>d j— aJl 

qA jaJI j^JS 4^11 lillft j^ll (> Lj! jjle t5j^ V l«4 I — a£ 3; ;US« 

^U-q ^ ^uLSlI cjIaujIII ^ jjsu Qi—a. y-i polarity h \Ut\\ 
aLjIjII LjVi JIjLj CjIjU AiA ^Jc ^ ajjaJ oisL^Vla 

JjApliuajS tAjJjjUL-juujall ^L-aa.Vl) tljlAuj ja uij ill - lM .v ;j)j<;^ 
jSj .(t&iAuliuijill Jj^jjjJ 1 4i4j-^liMjall CjIJLuiI 'Jjj uolaJI 

eiAj amids ^Uajlj Sjjju-a ^ 4j ^All (jiaL^Vl J=ujj_j 



YVY 



Lipid classification CjI JauM ?j*>& 



I. Simple lipids (not saponifiable) 



Free fatty acids, isoprenoid lipids (steroids, carotenoids, mono- 
terpenes), tocopherols 



II Acylipids (saponifiable) Constituents 



Mono-, di-, triacylglycerols 
Phospholipids (phosphatides) 



Glycolipids 



Diol lipids 

Waxes 
Sterol esters 



Fatty acid, glycerol 
Fatty acid, glycerol or 
sphingosine, phosphoric acid, 
organic base 

Fatty acid, glycerol or sphino- 
gosine, mono-, di- or oligosa- 
ccharide 

Fatty acid, ethane, propane, or 
butane diol 

Fatty acid, fatty alcohol 
Fatty acid, sterol 



Neutral lipids 



Polar (amphiphilic) lipids 



Fatty acids (> C12) 
Mono-, di-, triacylglycerols 
Sterols, sterol esters 
Carotenoids 
Waxes 

Tocopherols 



Glycerophospholipid 
Glyceroglycolipid 
Sphingophospholipid 
Sphingoglycolipid 



Fatty acids :^h*jJI <j2aUatf I 

AjjliJI A Ajj_jJj_£ <J__u£Lui till j Ajj — u«C. e>al u — * J 

^JBj tAlicyclic Ajik J branched Ac j_&« J aliphatic fatty acids 

It^aJ 6.1*1 Ujj Aji4>.i!l £_>aUa.Sfl 

saturated a*j*5u ajjaj jiLai ^fij ^jJSlI <ji-J — 1& - i 
unsaturated fatty acids a*±&« jj£ ^a-s ^U^l j fatty acids 

AjjJaS JJC. AjiAJ jiaUai J) fjuiS Aj Jball 5 — a. jJ (JjuL—uiI <j — Sc. — l_J 

jj&j (jil—oa.Vl Jo_»n ei—A. j nonpolar side chain 

polar chain AjJai 3IuiLj Cili Ajifc.} (j^laa.! ^lill ^wiillj a\xoiSa1I 
(jiiUskVlj Hydroxyl acids Ajk^jjAifll (ji»U».Vl J<"& ei-Aj 

•Keto acids a^j!^ 

SjjjusaS AjjAJ ^juiiu A-UjJjSlI aIluLJI Jjia (jAwi ^jic. . ■■ ■ > 

long aLiLJI aLjLi AjiAj (j^l — «J j short chain acids a I . mLJ I 

■chain acids 

Ai& Aja.j j (jialaaJ Jl AjjjJjSlI dji jjll C jjil — uil u — lc ~ J 

Odd iiiljill Xic Ajjja ^Luaj (jiaLaabij even numbered cjI ji — II 

•numbered 

AjjUlJI Sjjfcj ^11 ^joiiji Ajj jjjSII aLuLJI JSji ^LJ (^Ic & 

A£ jjill Cil j Ac jsl»ll ^LwkVl JaJS tpll j 

<J^ J UJiJ^ jj J.1C Aja. jj L]lc. jjAj isO (j-a "U AjSj— lall 

^jj ujjjSII ol jj jjc. aj^js lAt ts _A j anteiso uu 

AikJI-^jSj U JSkJl MjS Jill jjSj Uj lAjikll AjifcJ 

A5k ji cyclopropenyl Wu jjc J cyclopropyl 3 AiOti 

■ Ajl-Ujlo DO 4 1 * i ill 

AajAJ jjc ^L^Vl ^ dljj A^jjll Jajljjll ^jjjj (jjuLuil (jJc — j 

aLuu jjc. ^jjsii f j_c sj—jjc ^1 .^,1 ^.ji r „w 



^jjM -WjjM f>^=" ^ <jj**$ cpaU^SM j unconjugated 
i>bUj lSIUa J US - CH 2 " uJA^ Afi Ui^ cUii ^1 
•conjugated SJiAJ ^-f^l s^P 6 - 

Geneva liu*. aajjU L*j_ j J (_pal <^SM ^u_uu o— 

jjc. J ^Jull ujjjSjjJ^I i> (_>iMUJI fx»\ jjuy tiy—a. convention 
^W i A j ljjjjSjj^JI ^uit ^ e tPU^I t^ai-oll Jl^iiuil (JjISII -AaII 
o^asJI uji octane Oj^j^ jjAj* ^ 'g..' ^ i>a— «J1 oic 

£fiV« jjjJI (jiaxaJl ^ Laiu lJLj^-^j' (J-*** OCtanoiC jA 4 1 J—jllftll 

^jjiI ^Wbj enoic ^JaLJU J^iLou uj^j^jj^' 15* e g^al l jl — a 
^ loj ^UuiLall ^jSjj I iii j toctanenoic jA ^uJull j— jc. (jis 

if} llu s JUL tySi j a Ull SjBj J^uS _#jSII 4c Sjjl—a-J 

t*Urv < (jljJxiii j jjlHaflj Ug.'in (jb^c t,»Sj JjW"» t >aiatl » <^jj — uui 

Aic (^ic ^iiSI JUxIl J.lij (jjjjSli ■ Ue is— ^ <J-J^ 

-YlaJ! jl jsu (J^ijS O^J «t£iSj US tAjuAoll JJC ^ja.jj_Jl JojIjj-JI 

jl Jail jjll »iA £^ Jfi jVl • j* J »***jjB ■WjJ <> J J 
.Jajl jjJI ^Jaj* Jc 2UU fti jVl AijS lc A >J» 

r^L UjS o^UvbU Sjintt all AWill ^jUjJj oS*jj 
Ci8-,o stearic tdjjU 1 "^ 1 lh*** 

C, 8:2 (9,12) 

or linoleic 4^i^ l^*^ 

r a 9,12 

^18:2 ^ 



JAiaII <£j-a=^a A^a. qa 4jj JJjSlI <iuiLJt fjSjij ^Uij JJjSlI <LiLil] 

ei$J Aiajl jll £juia ja) Lsuj £ Sa\ aa J) ^-uiSj <*Jjuia]I jjc 4j 

<4}j^jA}lll ^jai tf Auijj(03 Aji&j]) jjisLa^Vl <C &Uj_kll 

t>a^ y-auuj 0)6 o- 3 ^^' acjasmj iilSi_£j linolenic group 

(jiw*. (jAjou j (0 9 ^Ua.Vl *fi_>Aau»j lilioleic gTOUp <iU jiiJl 

•oleic group t*LJ jVi 

^jj C 2 o:i erucic acid 4hjj$I <>=^ u.^ jj^j 
(j^aJI Ldu t (o 9 o^ 1 -^' J] ts — -jjj mustard Jj ^.J 

<>^j ^Sllj ^jaJOl J ^jj ill j C 2 o:4 arachidonic <4?j j^SI J <Ja.JI 

Jo t5jS_*3 Jll j C20-C22 AiJUl iHi JLuaJ (>L^Vt J 

<d <^J>n CiIauJ J ^ ts-Sllj polyunsaturated acids 
t^j C 4 -C 10 ^jjjjjSli AiuiiJi ^1 j ^ j 40)3 a ftJ ^ 

J ujjja Jj »U J O^j^ <Lli jjf ^ C12 0— j-iSl ^jjj-SII 

J (C 14 (> Jal) VjjjSII <1-UI S j^S *jJa J o^L^Vlj 
CjUS^ cJjiJ Sj^ J J Sj^ Sj^w, J ^L^S/l 

t^S S^lj ^_,J 'A^\j ^ jft ^j_J| 

'monounsaturated fatty acids ^Sall ^ ^aUVl a ; ^Ml ^Vi 



^Ua.Vl j tdienoic unsaturated fatty acids jll AjjUj 
^U^SH j 'Trienoic unsaturated fatty acids WaJjll aj—jaJ 

^LwSi oj^SM softi j polyenoic unsaturated fatty acids ^jill 

polyenoic unsaturated conjugated or <lul jll g-i»5ull ("^ 

•non-conjugated acids 

Acetylenic V'jlM j j?>j i> JW^ ( a ) >J^ r^'""' 
cis aj?. jjSI -M jjfi lW" Aj^j 0° ( c ) j— *J^J 'group 

>jilj ttrans -MjJ cs* o^J* t^J 11 t>J^ (0 j-^Jj 

(b r) >JI j 'Ethylcnic group A^jJiui .i>-*.j i>j (e) 
(cn) >jJI j (Branching SujjjSJI *L»UI ^ <> j>-&& 

JiLlI 3Le ^ t> i^jjB aLjIjII £±y> Q-* >^^1J — *J 



Abbreviated 
designation 
14:0 
16:0 
18:0 
18:1 (9) 
18:2(9,12) 





Structure* 


Common 


Proportion 


Name 


(%)** 


A/WW\A UU " 


Myrislic acid 


2 


AAAAAAAA' 00 " 


Palmitic acid 


11 


M/WWW coon 


Stearic acid 


4 


M/VWVWVooii 


Oleic acid 


34 


W\=A=/W\Acoon 


Linoleic acid 


34 


A=A=A=AAAAcooii 


Linolenic acid 


5 



* Numbering or caroon atoms suuu wmi b .~-r - 

** A percentage estimate based on world production of edible oils. 



TAT 



Abbreviated 
designation 



Structure 



Systematic 
Name 



Common 
name 



Melting 
point 
(°C) 



A. Even numbered straight chain fatty acids 



4:0 


CH 3 (CH 2 ) 2 COOH 


Butanoic acid 


Butyric acid 


- 7.9 


6:0 


CH 3 (CH 2 ) 4 COOH 


Hexanoic acid 


Caproic acid 


- 3.9 


8:0 


CH 3 (CH 2 ) fi COOH 


Octanoic acid 


Caprylic acid 


16.3 


10:0 


CHjfCSWgCOOH 


Decanoic acid 


Capric acid 


31.3 


12:0 


CH 3 (CH 2 ) IO COOH 


Dodecanoic acid 


Laurie acid 


44.0 


14:0 


CH 3 (CH 2 ) 12 COOH 


Tetradecanoic acid 


Myristic acid 


54.4 


16:0 


CH 3 (CH 2 ) 14 COOH 


Hexadecanoic acid 


Palmitic acid 


62.9 


18:0 


CH 3 (CH 2 ) 1(i COOH 


Octadecanoic acid 


Stearic acid 


69.6 


20:0 


CH 3 (CH 2 ) 18 COOH 


Eicosanoic acid 


Arachidic acid 


75.4 


22:0 


CH 3 (CH2) 20 COOH 


Docosanoic acid 


Behenic acid 


80.0 


24:0 


CH 3 (CH 2 ) 22 COOH 


Tetracosanoic acid 


Lignoceric acid 


84.2 


26:0 


CH^CH^COOH 


Hexacosanoic acid 


Ccrotic acid 


87.7 


B. Odd numbered straight chain fatty acids 






5:0 


CH 3 (CH 2 ) 3 COOH 


Pentanoic acid 


Valeric acid 


-34.5 


7:0 


CHjfCHJiCOOH 


Heptanoic acid 


Enanthic acid 


7.5 


9:0 


CHaCCH^sCOOH 


Nonanoic acid 


Pelargonic acid 


12.4 


15:0 


CH 3 (CH 2 ) 13 COOH 


Pentadecanoic acid 


Pelargonic acid 


52.1 


17:0 


CH^CHO.jCOOH 


Heptadecanoic 


Margaric acid 


61.3 



acid 



C. Branched chain fatty acids 

wwvw 000 " 



2,6,10,14-Tetra- 
methyl-penta- 
decanoic acid 



Pristanic acid 



VWWW\cooh 



3,7,1 1,15-Tetra- 
methyl-hexa- 
decanoic acid 



Phytanic acid 



Abbreviated 
designation 


Structure 


Common 
name 


Melting 
point 


A. Even numbered straight chain fatty acids 








co9-Family 






18:1(9) 


CH 3 -(CH 2 ) 7 -CH=CH-CH 2 -(CH2) 6 -COOH 


Oleic acid 




22:1(13) 


-(CHiJw-COOH 


Erucic acid 


34.7 


24:1(15) 


-(CH2), 2 -COOH 


Nervonic acid 


42.5 




(i)6-Family 






18:2(9,12) 


CM 3 -(CH 2 ) 4 -CH=CH-CH r (CH 2 ) fi -COOH 


Linoleic acid 


-5.0 


18:3(6,9,12) 


-(CI-I-CH-CHjJj^CH^-COOH 


Y-Linolenic acid 




20:4(5.8,11,14) 


-(CH-CH-CH^-fCHOrCOOI-I 


Arachidonic acid 


-49.5 




(03-Family 






18:3(9,12,15) 


CHj-CHa-fCH-CH-CH^-CCHOfi-COOH 


a-Linolenic acid 


-11.0 


20:0(5,8,1 1,14,17) -(CH^CM-CHWHCH^-COH 


EPA 




22:6(4,7, 1 0, 1 3, 1 6, 19) -(CH=CH-CH2) 6 -CH 2 -COOH 


DHA 






A9-Family 






18:1(9) 


CHHCH^-C^CH-CHHCHjJs-COOH 


Oleic acid 


13.4 


16:1(9) 


CH 3 -(CH 2 ) r 


Palmitoleic acid 


..5 


14:1(9) 


CH 3 -(CHi) 3 - 


Myristoleic acid 





B. Fatty acids with nonconjugated trans-double bonds 
18:l(lr9) CI-Is-CCI-I^v-CH'^CH-tCH^-COOH Elaidicacid 46 
18:2(tr9.trl2) CHj-CC^^CH'^CH-CHrCH'^CH-^Hj),- Linolelaidic 28 
COOH acid 



C. Fatty acids with conjugated double bonds 



18:3 

(9,trll,trl) 
18:3 

Clr9.lrLl.trl3) 
18:4 

(9,11.13,15) 



CH3-(CH 2 ) 3 "-CH"-CH-CH' r =CH-CH ,! -CH- a-Eleostearic 48 

(CH 2 ) 7 -COOH acid 

CH 3 -(CIl 2 )3-CH' r -CH.CH ,r =CH-CH ,r =CH- p-Eleostearic 71.5 

(CH 2 ) 7 -COOH acid 

CH 3 -CH 2 -(CH=CH) 4 -(CHj) 7 -COOH Parinaric acid 85 



YAi 



Compound 


Threshold 
(mmol/l 


Quality 


Oleic acid 


9-12 


Bitter, burning, pungent 


Elaidic acid 


22 


Slightly burning 


Linoleic acid 


4-6 


Bitter, burning, pungent 


Linolelaidic acid 


11-15 


Bitter, burning, scratchy 


y-Linolenic acid 


3-6 


Bitter, burning, pungent 


ot-Linolenic acid 


0.6-1.2 


Bitter, burning, pungent, 
like fresh walnut 


Arachidonic acid 


6-8 


Bitter, repugnant off-taste 
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: Functional group 4^ J ^ lSj^j 

1- CH 3 (CH 2 ) 4 -C = C-CH 2 -CH = CH(CH 2 ) 7 -COOH 

Crepenynic acid [acetylenic group] 

2- CH 3 (CH 2 )io -CH = C = CH-(CH 2 ) 3 -COOH 

Laballenic acid [allenic group] 

3- CH 3 -CH-(CH 2 )„-COOH CH 3 -CH 2 -CH-(CH 2 )„-COOH 

CH 3 CH 3 
iso acids (mainly even) anteiso acids (mainly odd) 

CH 3 -(CH 2 )„-CH-CH 2 -CH-CH 2 -CH-COOH 
CH 3 CH 3 CH 3 

2,4,6-trimethylalkanoic acids [branched groups] 

CH 2 

4- CH 3 -(CH 2 ) 7 -c£c-(CH 2 ) n -COOH [with ring system] 

n = 6 malvalic acid 
or n = 7 sterculic acid 



CH 3 -(CH 2 ) 5 - CH - CH - (CH 2 ) 9 - COOH 
Lactobacillic acid 
OH 

5- CH 3 -(CH 2 ) 5 - CH - CH 2 - CH = CH -(CH 2 ) 7 - COOH 

ricinoleic acid [hydroxylic group] 

OH 

CH, - (CH 2 ) 4 -CH = CH -CH 2 -CH 2 - CH - (CH 2 ) 7 - COOH 
isoricinoleic acid 



:h?ch- 



6- CH 3 -(CH 2 ) 4 - CH- CH - CH 2 - CH = CH - (CH 2 ) 7 - COOH 

vernolic acid [epoxy group] 

A 

CH 3 -(CH 2 ) 4 - CH = CH - CH 2 - CH - CH - (CH 2 ) 7 - COOH 
Coronaric acid 



YAV 



Cjl^jjualaJI j monoglyceride A-pUSM c^tajuukll Jla ^jA^Ij tiijjjll 

JL-J j Triglyceride 3j Ytefl mkl lj Diglyceride 

Phosphatidyl esters J^lL-jill dil Jl_Jj Sterol esters JjjaL-uM 
^ ^auJIj Ccrebrosides ^^ijjjij^j sphingomylin tjAujaJi-uJIj 
diLijLaj V*^ 1 (>U=.Sll ojj *£A*1I — IVjSI lJS—^I ^-jJ* jjj iwaxes 



Crebrostides 



Sterol esters 




Fatty acids 



Waxes 




Phosphatidyl esters 



monoglyceride 
diglyceride 
triglyceride 

Phosphatidic 
acid 



YAA 



Physical and Chemical Properties of Fatty Acids 

Melting point Jlf-WI 

CjlAjjiinUll jl <uA^ll (jiaboiU f.\jjj> A-ag-a Aijua jig i^i'tVI -LJaiJ 

Jtc j 3iuiLJ ^ jjjjS (jjajij AaLiJ JS1 ,1,0 sjLjjli 
uj^j Laurie (Ci 2 ) <4uj^ <>"=»J jW^VI <iaaj oji JIUI Jn ... 
(Aj f b M uj^J (Cm) myristic <4£« j^I Ls — aj pH.V 
ts— aj plf^ uj— 53 (Ci6) palmetic liL-JLJUl ^ ..ov 
4ujajSIjVi <>a^ ^-ij fM.l qj-^ (C 18 ) stearic ^JiL^I 
.pYt.o jl^aiVI UaL jjfi (C 2 o) arachidonic 

OjjjSII cjlji aic ^ jLuG 3JL> 3juAJ jjc. 2Lu*il ^L^Vl - i_j 
±4 jj Ato Sijj <>LLS jl^VI *Laj jlfl Aaj jjjSJI 41XJI ^ 

J#"> Jaj trans £jj 0- ^ua J ^UJtfl t> jjSi Aaj^ cis £ jill 
t>a^il jV*V1 <£li C 18 ^sa J o^Vl JISJ 

4A^iiii u ^ ak <ju j uiu p i ^ 6j a c 18:0 4ij^vi y-SA J 

c^JJ ^aualbj ^ i Cifcit Vaccenic trans >^ 

Ci8:2cis <4PU$J f\ Y\£ (JjSj Ci8:i cis oleiC ds (J*H 4^ J 

4wU>M <ji*^l <>*aJl ^_uuLj p b- (liJ _Si Linoleic cis 

f\ ^- uj^j C i 8: 3 C linolenic cis 

YA<\ 



3Ja!ii ^ic. Ajj jfjSlI *LA>Jl ^ £_l*U-ali JjljiuiVI AjLaC J-Jijj a. 

Ul J&\ JLj^jJ! (j^UvVl (> JSi Sjl ja. Aic UfiJ irj ji_^VI 
Oj^ o^y L» JSl jV-u^i uj^j '<^j?^ OjJ 1 

JLa>jJ (j^9aJj US aULuJI >■ ix-iurt (> 1.1a. UjjS ^ Hull J,\fi mVI 
<>aLc^i J ^Ull (jiaU^Vl 00 ailteiSO O^Ua-Vl ^4 Jg uajVI 

ji oiuiS jjJji ^-Lttla.<i <Ja.}Ij j^>^'iVI -il^jj Lai_u iso 

.(JuiXmll (jLueull (j«J AjJaS Jj^jl 

£jJa_jxl! j ^1 jill t ■ »< j^l lilliS j tU-XiC j ktiiuJI JJC 5xi j Aa-all 

Jj3a (jiiii Ul ^1 ^UskVl 5cj-»=m» J g » fa» lilli ,j_ Scj — "jll 

^ttll i_l£j3ll ILL U*U| 



Oliifinic transo-il j3 
V 

Olefinic ciSt^ 
V 

jjo (ji.Ua.Vl 

Conjugated acids 



4jiJ£ijutfl (j^U^Vl 

Acctylenic acid 



ji (jiUuVi 
Saturated acids 



SijjUJI JJC. (jaUaVl 

Unconjugated acids 



c^jjll a^j^I ^Uo SJU ^ «4fl JMhj " i » nrt^ J U_^UI 

(jiwo JjjaJ Uift gjjj ^Ij -^-a 1 t .nl oj-^ ti— ! i W^J* 1 - 5 

jjc f Uiill ^ jll JM j J 4^ j trans cis i^JJ 
Ji g-UijU Ljal*. 4b a& d*£J fUaS J ^ >ll £#4*1 



Melting 

Fatty acid point 

CEL. 



1 R-n 

lo.U 


stearic acia 


oy.o 


18:1 (tr9) 


Elaidic acid 


46 


18:1 (2) 


cis-2-Octadecenoic acid 


51 


18:1 (9) 


Oleic acid 


13.4 


18:2 (9, 12) 


Linoleic acid 


-5 


18:2 (tr9, trl2) 


Linolelaidic acid 


28 


18:3 (9, 12, 15) 


oc-Linolenic acid 


-11 


20:0 


Arachidic acid 


75.4 


20:4 (5, 8, 11, 14) 


Arachidonic acid 


-49.5 
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Solubility ckfr (*) 

^Lall <3s>A JjjuiSjjjSJl <GjAa^ Ijjsu (jSJj mLall ^ <1L iJjJjS 

iaaa <uLall q^J Uii& j Jjla Sijjj ^bji-JI 
tf-Ull ^ ^ulaSJI ^wla^J Liji duau Uuij <Ua. J] L^jli p | J 

C> tS^J^J LS* Cjlj J o^Ua.Vl Jfrkjj at mLol l 

JS ti' Alternation ijSLHI s>Uij ^- ■-; l ^ Cjlji 

^ J (>Ua6U lite** s J ja. jk. oUjill (ji u&liiVI - ^'-.' J 

sj j*S ^ Aic sjjlLli j oJ-Js juB a,, 

•cis ^jll (jij t^juSsill ^jc. iU,^ 

Y<n 



UV-absorption k^J^\ tA*M (*) 

£ai»jj JJc ^jje. bLu&\ 3iliau> J jlal ^Ic aLLaLJI kjuiJ 

.^jjllluljjll 

Carboxyl group Jj*4jijSJl 3*>»a*t o^tj*- (*) 

AlSLill dimer cluj*. ojjSaS ^Ai^jjjSII — *vsM cJj— « 
jIajVI AiUa ^Jujj shydrogen bonds ajL^j IJjjL LbujVI t> 

jjjVI <4^J^J^' i3j^ uij&j dJ>jJ^ JJ^ 

R - C *G - R 

^O-H-CT 
dimer 

o o /O- 

R - C « H + [R-C^ <=> R-C^ 

^OH X)' 0 

anionic carboxylic fractions 

Polar structure mAP (•) 

WJI J 4J«OLJ uj^j hydrophobic e USS ^ > ^jSJ *UJI 

C 4 butyric A}** *UJI ^ J 



Y1Y 



jli »LJI ^ J=_ia C 6 -C 4 ujjIj L«u_uj Volatile acids 

c-Jj palm kernel <Jj^ ^sji ^AttAj OfUl o*- 5 j— *4jj hydrophobic 
^jljiij aJLuLuJI ftjwAslI qAjxJ)}] t> Ul g-Lii Jj copra .iijJl jji 

Methylation of carboxyl tfe«^j^l (1) 

3jiAj]| (j^Ua-Vl ^3 <Jiu£ JJJ^ll <C 31udl <j — Lac pi 

AjjA^ll (j^LmlVI Cil jluil Oj^yj depolaraized ^ulaaJI jj-aljaJI u il^j 
Jj-aa ajLc. (Jgjuuj Jlilbj volatile state S t^Jc. Qj^ 5 cs — j 
gas liquid lS jUJI ^1 js^UjjjSII Jjkjll SJaJjj (jialwkVl ei* 
•fractional distillation tAM' J^ 3 ^' lij^ 3 j' chromatography 

I(jL« <o1ac. pljakV LAjJa S-ic Jla. jjj 

Sodium methoxide jAu ^jjj_yuall AiLjla - > 
Boron triflouride Ajjjia ij\ jj OjjjA' ^j^ 1 

Diazomethane u*V> jjM^ "V 

N-nitroso-N-methyl-p- j-J ^lill JjkjiL jlii* jjU^ll jj<" jj 
AjSa J (j^Ua.Vl CH 2 N 2 gj^ll Jill Jclijjj toluene sulfonamide 

CH 3 OH 

R-COOH + CH 2 N 2 R-COOCH3 + N 2 t 

Iodine reaction JjjII Jelii (V) 
jpSS ^IIL 0^ J&Lj aj* j jll j]| ^ 4iL«yb jjjll JoUl, 

jjUI JiSl wijs AijjJa julu, (JAjB J CjjjII ^fl A^jjll J^ljjll JJlG 

Iodine ujU! jjJ Jjk* ja l^LiS ja^j j^ji |^ ^ fbV» J 
UjiJjVl ^LjuJI ^ LuS JcliL ^ill J monochloride 



(-)Br Br 
I 

C = C + IBr — C C C — C - 

\/ 1 

Reactions with Ag+ ions 3-uaill CjUjjI £-* J&liill (A) 

iiilAiA^lVl (iUiS UjI jU j ^iull jjc. ^u&JI ^U^Vl J^a uSuclj 

ft-lLj ^ UJ^ 1 ^jlaII CjIJ jbjjj c^ja. jjll Uajl jll 5 ■ uill Clljj_ii 
CJ^j jll ijJjkil jll li j^iA J ^ ,'^11 Ji ^jxj Uj ka. jjll Jajl jjll Aic 

J1 j*. Jil* jjSJI JakJl Thin layer -JI 4>-^! ^ cis 

jli .iili Je. j iS.ja.1 jll ^a. jjll *Jajljil (jjAAll oi^aJI «ilj*al ^jJI 

j^Uill oaalaull *UuVI ^ OjSj Rf ^ 
C 1 ! C 18:2 (9,12) < C 18:1 (9) < C 18:0 

A^. yuj 5jJoall jjj| t^aju» 4aa.j jll Jajljjll OJ^J 

^S*a1I JjSj US iTrans Sjjj-s Jc. lul jjll ol j L p a Ua.Vl ^U. i> cis 
jjjSII UJJI ajUj t> aj*. j jll 3^1 jll ojSj Lo^t UL£ j_J&1 

^Jto SAjJc. ^LnA Jl (jiiUxVl J^aS <_gi ^.^lnH 4$JjJall si* (j\ — S ts _3ljlLj 
.AJ^ULall JJC £Jj£ill f JlC SAj^C lilSj (JC. J^ULoll £JjuS1I 

Hydrogenation ^jJfll (^) 

(_Ulc <ija.j ^ <Ulua] (JftlsS 4ja.jjll AJajl jll £-* ^jjajjAjJI (JgIsljj 

^Jayj jll Jbjl jjll ^Jjljlkl Aa.j^& lli^aJ j tj^j \\\ Ju a CatalyS .IC-I u«i 

ft Jj**a (Jjajiij ^LuLjjll Jajl jjll Sj — sJb tli^ ajj cdjUJ — uaII (jjSS—Jj 

Cfi*jj conjugate J.aUi-*ll JI unconjugate SJjUlJI jjc. (> [>aLa>SM 

^1 jSllj jV«jVI J l^UTu jtUjV ^j^JI Uac ^ fSaJl 



Hydrolysis reactions u&A J^l tttelfs (1 ») 

Glycerophosphoric <4uj^j*j>*jV .>">] L^=y'j Glycerol esters 

AjiA^ll (jislxa-Vl jJjJaaal a _jJai. ^UJl Jjii^ill Jfi*^ cs^-?J eSterS 

S^C-luu Jdj*£ (jisLaaJ ^^Jfr (^jSaMtll ^Loll jl (_£_y]S]lj lilli ^iij Lg^OLal j 

•Enzymatic hydrolysis ^ jjVI cJ^jII *UaJ jj ji 
tjjji J«u Acid hydrolysis ^y^UJ ^UH Jjkjll 4 — ILa. ls -J l j 

-LiA-il! (jiaLa^YI A}J Jj l^JiS (.5 uix J «U£ (Jj 

.JjjLUjkJlj 

CJH 2 - OOCR CH 2 OH 

CjH - OOCR + HOH <!=> CHOH + 3 R - COOH 

CH 2 -OOCR CH 2 OH 

Triglyceride Glycerol Fatty acids 

Akali hydrolysis ^^-cUll ^Ull Jjkill AJU^ tr _j U 

jk&ij J ^L^bu f c xj ojSlj uaii to u.SjjAil 

JbUSB lift <> jliLuuj 4 X«l£ iLkj J CijjU ^Ull Jjkill Oj-Sj 

CH 2 -OOCR qH 2 OH 
CH - OOCR + NaOH CHOH + R - COONa 
CH 2 -OOCR CH 2 OH 
Triglyceride Glycerol Fatty acid 

sodium salt 

^j^JI CjUUII j ^ ijji ^jiyi ^ t j_ ki j, ^ 

t> 2%, lipolysis csWSl Okill lipase j^l ^jij *k_J j. 



CH 2 - OOCR! R r COOH CH 2 OH 

I H 2 0 I 

CH-OOCR 2 R3-COOH + CH-OOCR 2 

I lipase I 

CH 2 -OOCR 3 + CH2OH 

Triglyceride Fatty acids B-monoglyceride 



j*£ AluiS ^ul ^»jJ.i _yjua ji JajuiS Jh* ^jjj_jjua «ija.J ^ (J&ti^ f^J 
^gj-iaxlsJl JjLkjllj JjU'W lift (jAuiJj tjjp-juiill £ a JtliLJl S^cl — uia 

Acidolysis 

CH 2 - OOCR CH 2 OOC-CH 3 

CH - OOCR + CHrCOOH CHj-ONa CH-OOC-CH3 + R-COOH 

CH 2 -OOCR ►CH 2 00C-CH 3 

^ JoUiib >l >-] ^j-yM ^IJ^A] ^ ^-Jj 
^ iiW> JldLj Alcoholysis t-u^U- .i&l— <_Uc- ^ Jj— 
^L^ll uiiSjill jjjJuj ^A^ 1 LK" 1 ^ Ji?* 2 <J 

_j Jcl&l liA .^1 >»V» oil^Vl 

.Interesterification 

t^ii JcliiSI Jj=^ Alcoholysis ^j^i Jj-^ J-c-^ ^-Jj 
OdjSil Methanolysis Jj^M Jj-^ Aj>_-ukll 

ojjSU Glycerolysis Jjj^l e* J n"^ 1 esters ^ 
^ - n^-; j^S/l <>^i li* j Partial glycerides ^> olA>j_-uk 



GO-CO-Ri (Glyccride) 
HOH / V -OH 
Hydrolysis * >v Alcoholysis 




GOH (glycerol) f * GOH (glycerol) 

+ Inter-estrrifraction + 

Ri-COOH R 2 -COOR R r 

(Fatty acid) (ester) 
R2-COOG (new glyceride) 
+ 

R- 

jjSii iajA^-a - R , R njjjwi 4c.j4u ■ R2 , Ri i jjjiuuiaJi ™ G 

i^tclii 

Oxidation Sa-#I (u) 

yauo.1 jj Igjl JLuil j 4*jj£J j_jc J fj'A askVl J ■ 

(jJa*a> (JL> (ji.Ua.Vl (jjSj UjjjVl J (jja.jjJj^l AijuiSi ^jSj ^jJ— wlj jjJI 

SAuiSVl t-jjjli iAjkaSjjJjA (jiUaJ jjSS j p jJjuAj jjll CJu^Uji 

l> iiiujj ^J*^ (J^UJ <jj£j5 j 4ja>jjll 4i»j| jll jjxuSj lij^aj All 

CSJ^j tJ%US ty^Oi .Jj^j ^ tfjaj Qja. j^Vl 3JaJ ji ^J*^ 

ajSIj^ji s^-sVl t^-a j sau^i Jciia s^Uj jj L-^iajj sj>_aJl 
rancidity £3 jSM JJ6 k ^ ^ W j Autoxidation V-3liH 8,1 .^b 

•drying oils asUJI Ci jjjli sUuuJI ^jjsll ^ Jbllc cjjj jll 



nv 



Hydroperoxides axuiSjj^jj^JI qjSjj 5j — jtill s^l^VI ^-ij 

<\,.nLii (JJJia (jc- ^JmioII JJC. jSj-ail 6 Jjl Swjl !Al«]l <Cj ■ a^fj 

•ROO° <R° s jaJl JjLill (jjjS 4k j* ^ j Initiation <M <Li ) 
ujSjjj « js^l (jjiull t^alaj dua. propagation J jAjiVI <L j— * (T) 

6 j_aJI (jjj All JcliL^ — ^ Termination *k j— . (V) 

oxidative ijAunSi ^tjJ5 (JjVl '(JF-jj <^_>^ 3ii °fj 

Quk_ju£i JjiAj ^xjAjUll jjc (jiil *a.Vl -j uiSbj a rancidity 

dll.liA.jlVl jm^fi (^1 CjI.jjjj£jjjjjj1}$JI (Jj5lUj — aJI c.lj $Jt 

.4] jjLtll jjc. AajIjIIj ^uJ=Jl f.Uacj jc ^Jj'iukJI dlljjJJ^llj 

Hydrolytic rancidity (^klll ^jjjll jA £jjjjl i> j^jliiJI £ji— llj 

j^jJI <Lulmll Sjii-afl AjjA^ll (jiaLaa-Vl JjAjjj ^^Ajjjl Jcu <Jj.J — aj \\, 0>j 

.(J jjIaII jjc. AajljlL jtLoj 

SiuiSVl ilLilclij £l jj (jlc. Jcluu ^1 (_UI j«JI (jli jSUU j — JA&.J 
AjjtaJI Olclsuj/I ~ e jjJall ~ SjljaJI J/uSu bIa j PrO-OXidailtS l^aajjj 
^^lo AJj"<t><i\| Ajjnim.il o-Iui^aSI <JaI j«Jl — jjJjiSI ^jjjj ~ Clil jjjjiSjjjJl — 
• Cll (jAajJi j Fe ^!^»JI <Jj-» Ajj^-aSI jj-aliail _ (JJJjlawjAJgJl <JL> ^iJts. 

ja.jp J SjjjiSVI -LL»C ja.^ j (jjiSla-a jJjb t$J Jil jaII ls ^jJa Iaaaj 

jLiiiVI S jLa. <_ifi SjaJI clLJbaiU l^UkJ (jjjL £jjj]| jj—jJi 

antioxidants SjLiiASI i jaILj tW j*1I ei* (^uuuj propagation 

l> (j^liall * j«JJ he. ji jjl JiaaJl - ^jAill ^ b toJI lU— J 

S^S)U S^LiM ajjUjS i j* AiLij - jauuII - (jja.juiSh/1 
•0^1 iiUa ^ ij- 4sLiJ - (BHT) hc.h^ J (cjV jja 



INITIATION 
H H 

[ *** C-C-C=C-C ***] -H* [***C-C-C=C***] 
H * 
Original molecule Proton Fat free radical 

PROPAGATION 
H H 

[***C-C-C=C-C***] +0 2 -> [***C-C-C=C***] 

o 

O peroxy 
* radical 

H H 

[***C-C-C=C-C***] + [***C-C-C=C-C***]-> 

0 H 
0 

H H 

[***C-C-C=C-C***] + [***C-C-C=C-C***]-» 

0 * 
0 

H Hydroperoxide Free radical 

TERMINATION 
H H 
AH+[***(C-C-C=C-C***] _>A* + [***C-C-C=C***] 

* H 
Anti Free Antioxidant Original molecule 

oxidant Radical radical 



a^uall JUti-NI ^uLill SAu£bU Jo .W, 

t^j j_J _p — ujSj j^ja jS-JjSjU j — « Jj — « phenolic compounds 
J j—jolijI jjiSjjAia ^L-j1 tButylated hydroxy toluene (BHT) 
ijj-' ;< jjAiA c)j— jjjj t^-Ajj j£ tButylated hydroxy anisol (BHA) 
SLjUjS cAjSj* J I— ^Tertiary butylhydroquinon (TBHQ) 

lJIUa qi=» ^ tA^ajjiVI s^iSVl ds^clii A-jLia citric acid lJLjL- 

lTjjjjSII JlU^i (jjlj JL« JC.1 S^xi ^ji&Vl (jfl UlLij (_J jii ClljSj— » 

<k v.,<S n s^Lja-o S^US j Jbi^ J*U£ ^ ily— a. sulfure dioxide (S0 2 ) 

wood ujujiiJI oli.^ till ualaaxm j rosemary extracts iJI ^ - ■ ^ 

Aij.iaJI di*V3 jSj S^SbU i»fu» j£b I*] ^-Jillj smoke extracts 
rice bran oil jjSfl 0^ c$>Vl c±£jJ j£b :Uj* 
water soluble or Oj*^ J Chi® ^ ^j-^j 

^USI u-Jll catechins 11 l£— « fat soluble polyphenolic 

v; ..-, A^jijSj ^aja^SI djLjSj* CjIauJSI S^Si <^U. 0 0, 



REACTION MECHANISM 



* Initiation 

Primary RH -> R. + H. 
alkyl 
radical 
2->ROO. + H. 
peroxy 
radical 

RH + M +n -*R.+H + + M +{n - 1) 
Secondary ROOH RO. +. OH 
alkoxy 
radical 
ROOH -> R. + H0 2 . 
ROOH + M +n -> ROO. + H + + M +(n " 1) 
metal 

ROOH + M** 1 ""-* RO. + OH" + M +n 

M+" 

ROOH + ROOH -> ROOH -> ROO. + RO. + H 2 0 
HOOR 
hydrogen 
bond 

* Propagation 

-» R). + 0 2 ->RiOO. 

RiOO. + R 2 H -> RiOOH + R 2 . 
I 



* Termination 

ROO. + ROO.-> 

ROO. + R. -> non-radical components 
R. + R. 



Sj_U 2LuA_11 (ji.L-Jtfl %±A i> jSUI S jU_Ul OUS J_-.ll l(it) j-J j Jji-a. 

ilyj fl j*. J-l ? l ja-jjlw 



OIpip acid 




Linoleic acid 




Linolenic acid 




Heptanal 


50 


Pentane 


+ 


Propanal 




Octnnnl 


320 


Pentanal 


55 


l-Penten-3-one 


30 


Nonanal 


370 


Hexanal 


5,100 


2tr-Butenal 


10 


Decanal 


80 


Heptanal 


50 


2tr-Pentenal 


35 


2tr-Dccenal 


70 


2tr-Heptenal 


450 


2c-Pentenal 


45 


2tr-Undccenal 


85 


Octanal 


45 


2tr-Hexenal 


10 






l-Octen-3-one 


2 


3tr-Hexenal 


15 






l-Octen-3-hydro- 
peroxide 


+ 


3c-Hexenal 


90 






2c-Octenal 


990 


2tr-Heptenal 


5 






2tr-Octenal 


420 


2tr,4c-Heptadienal 


320 






3c-Nonenal 


30 


2tr,4tr-Heptadienal 


70 






3tr-Nonenal 


30 


2c,5c-Octadienal 


20 






2c-Nonenal 


+ 


3,5-Octadien-2-one 


30 






2tr-Nonenal 


30 


2tr,6c-Nonadienal 


10 






2c-Decenal 


20 


2,4,7-Decatrienal 


85 






2tr,4tr-Nonadienal 


30 


l,5c-Octadien-3-one 


+ 






2tr,4c-Decadienal 


250 


l,5c-Octadien-3-hyd- 
roperoxide 


+ 






2tr,4tr-Decadienal 


150 










Trans-4,5-Epoxy-2tr 
decenal 


+ 







Belitz and Grosch (1999) -.j^ 



Compound 



Flavor quality 



Odor threshold (ug/kg) 
in oil 



Water 
nasal 



Nasal 



Retronasal 



Aldehydes 

5:0 

6:0 

7:0 

8:0 

9:0 
10:0 

.5:l(2tr) 

6:l(2tr) 

6:I(3c) 

7:l(2tr) 

7:l(4c) 

8:l(2c) 

8:l(2tr) 

9:l(2c) 

9:l(2tr) 

9:l(3c) 
10:l(2tr) 

7:2(2tr,4c) 

7:2(2tr,4tr) 

9:2(2tr,4tr) 

9:2(2tr,6c) 
10:2(2tr,4c) 
10:2(2tr,4tr) 
10:3(2tr,4c,7c) 
trans,4,5-Epoxy- 
2tr-decenaf 

Ketones 
l-Penten-3-one 

1- Octen-3-one 
l,5c-Octadien-3- 
one 

3tr,5tr-Octadien- 
3-one 

3tr,5c-Octadien- 

2- one 

3- MethyI-2,4- 
nonanedione 



pungent,like bitter almonds 

tallowy.green leafy 

oily, fatty 

oily, fatty, soapy 

tallowy ,soapy-fruity 

orange peel like 

pungent, apple 

Apple 

green, leafy 

fatty.bitter almond 

cream, putty 

Walnut 

fatty, nuty 

fatty ,green leafy 

tallowy.cucumber 

Cucumber 

tallowy, orange 

frying odor, tallowy 

fatty, oily 

fatty, oily 

like cucumber 

frying odor 

frying odor 

cut beans 

Metallic 



hot, fishy 

like mushrooms, fishy 
like geraniums, metallic 

fatty, fruity 

fatty, fruity 

like straw, fruity, like butter 



Miscellaneous compounds 

1- Octen-3-hydro- Metallic 
peroxide 

2- Pentylfuran like butter.like green beans 



240 


190 


18 


320 


75 


12 


3,200 


50 


5 


320 


50 


0.8 


13,500 


260 


5 


6,700 


850 


5 


2,300 


600 




10,000 


400 


50 


14 




0 25 


14,000 


400 


51* 


2 


1 


0.8 


- 


50 


- 


7,000 


125 


4 


4.5 


0.6 


0.02 


900 


65 


0.8 








33,800 


150 


- 




Ju 




10,000 


30 


- 


2,500 


460 




4 


1.5 




10 






180 


40 


0.2 




24 




1.3 


3 


0.12 


0.7 


3 


1.3 


10 


0.3 


1 


0.45 


0.03 


1.2s 






10* 


300 






200 






23 


1.5 


0.03 



240 
2,000 



Belitz and Grosch (1999) 



Polymerization S j^l ( \ Y ) 

0 jjll .L^jPlo j jLu&ftl J*l**j j> JS S-iU jj JjjJl ^jJ| S -j S 

^jjll iajljjJ! Cjli £f&ll ^Jlt ^jAjll iSj^j yiijsJI 

^JuSI jjji jjl Liji ijjjj conjugated (Ji£J ^ jll ^ 

•trans uifti-JI ^Uajll ^ 

1 SduiSVl LJ«l3 dua. pljjJI ^ Sj—^ll <£. j.^ ■iljj.Jj 
(JjAiilt J_j3k. j jJjb iliaj SjaLII <ji Lo£ — JcUilll ^1 jJi ^ Tj...j' j 
*l j+jj UjJjS (JJJ J UJ^" AjjLSII 6^c.Lut*Jl J*l jstllj 6jaJI 
5*plsJ CLAala. QijSjj .ialjll .Ijj. njKl l etjpj*. (jjA^ll t>axoJl i^jj>\ <jjj 

(JjUaSI ^jja^ll ^jjll -Mjjll (jilja JjaJ di-i-Aj 1 & Dimer 

• J 1 ^' ~ j^P (Jc-^J »J*y ilUajj 
£jil*Jl 6jl^>aJl Aaajj 4jla ^jitl ^iljJal Qj-ij ill jj jll jJauuu ,Vi r.j 

ujI^jLuLoII jjoijj s_>oLSlj Autoxidalion s^-SVl £a)UiUl3 i^_au 

— iiiJiS jjyi — SjLi-ia (J^LaslI uIlDIcIsjII oi& j — & ijj Isomerization 

.(£V 4 £t Jj.ia.) CjVj=^~ CjI>J - CiIajaJ - <jak iIjLS^ 
CLJlcUiJI <iu*J SjSlixll j| j*SI ^iLi»J Cj jj jll a i P. j 

^ Ul ^aL^L J jaSj i^U 4 ^JS Jkj 11 ^_ll *3L_->L ^L-^ 1 

i> uj^j ^jJjil Oj-^* 11 ' "jS^ 1 J-^* 3 

JjjjjuLsJi till Jkuj ^uuiij JLjI ftjj^a ^ ^jiA^SI (jiiUa^Vl Jjj- mjU 

^swl j *<£j* f (Jj>*»M' f-c?>> -W^J glycerol esters 

L >i* aa JI iliij Jfl j monoglyceride ^jUVi uj^ ' L - i ^ 



r- 1 



.^juakjij-iliu ^j-cujy AjjlliSl ojijl ^ JaLu jVI £jSj 



OH 



4h, 



2,6-dil»rt-butvM-hvdroxV|olu«n< of BHT 



•CHi 
-0(0H,), 



O-CH 

If 2.urt-butyM-hydroxyinlsol« (or 3- 1 or BH A 



OH 

propyl gilUW (or oclyli or dodeeyl) 



HO' "*f 0H 
OH 



v^Y0(CH,), 

L^J Mtrl-bulyl-hydroqulnon* (or TBHQ) 

OH 

CH, 

NH Elhoxyquln (or Sinloquln) 
Synthcilc intloxtd»nU. 
feu&l] fabfcj jl >J1 ./Ujll jfll :(\o) JSJ 



fcau-J OjA^lj ^Jijjll u» lijJaJ ,.,311 O^liill pSj JjJb. 



Fat/oil heating 



Reaction 



Products 



1. Deep frying 
without food 



Autoxidation 
Isomcrizalion 
Polymerization 



2. Deep frying with 
food added 



As under 1. and in 
addition hydrolysis 



Volatile acids 

Aldehydes 

Esters 

Alcohols 

Epoxides 

Branched chain 

fatty acides 

Dimeric fatty acids 

Mono- and 

Bicyclic compounds 

Aromatic compounds 

Compounds with 

Trans double bonds 

Hydrogen, CO2. 

As under 1, and in 
addition free fatty 
acids, mono- and 
diacylglycerols and 
glycerol 



chang et al (1978) : ji— 1 



Class of Portion C- Major compounds 
compound number 

Alcohols 2.7 4-14 n-Octanol 

n-Nonanol 
n-Decanol 

Y-Lactones 4.1 4-14 y-Butyrolactone 

y-Pentalactonc 
y-Heptalactonc 

n-Heptadecane 
n-Nonane 
n-Decane 

Caproic acid 
Valeric acid 
Butyric acid 

n-Hexanal 
n-Heptanal 
n-Octanal 

2-Nonanone 
2-Heptanone 

2-Decanone 

Chan (1987) ii 



r.v 



Alkanes 8.8 4-17 



Acids 9.7 2-12 



Aldehydes 36.1 3-17 



Methyl ketones 38.4 3-17 



j ^ ^uaJ ^Ua.Vl oj 2 * j Diglyceride ^1$ ajj— juuk 
jl .laJj ji (> ^LuAil tjiiUa.Vl uj^ 4j Triglyceride 

Aifi j ^Jfijj t-iSjSj JLso^l dil^juykil Ate ^ ^ 
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<lAe £Jjl (U) AxJ*31a1I jjc. j (S) 4j*auU11 

SSS SSU SUU UUU 

SSU SUS SSS 

UUS USU UUU 

Phospholipids :ty±uJ*£<-u_*All 

Sjji&Vl (IjIaujI! AjjjaJI CjU _£J ^1 tj— « CjIAujI ji_ui jill j u«" 

CjUjUI a j mitochondria bj-ij jSliuJI Jl«. cA «un->\l u^uuj AjjiiJI 
^UwjajjiaakJIj sphingomyelin ( ^L»jaJiu.VI L«a lOlJyjjijijuijiJI t> 



^1 ail <_i£>_j1I g >^jj (W) {l-Jj (JS-JiSi j glycerophosphatides 

US CiljyjJ jL. jiS *l?> ujjSjj ^ <JiUJ 15-a 1 ft V« 



OaS jS itafM- ji CH 2 OH-CH2-CH2-N(CH 3 )30H 
phosphatidyl choline (PC) 


choline 


,^.1 J jay Jrt!W-ij» 
phosphatidyl othanolatnine (PE) 


CH 2 OH-CH 2 -NH 2 


ethanolamin 
e 




CH20H-CH(NH2)-COOH 




phosphatidyl serine (PS) 




serine 


phosphatidyl inositol (PI) 


(OHfcQHe 


Inositol 


phosphatidyl glycerol (PG) 


CH 2 OH'CHOH-CH 2 OH 


Glycerol 



u U Lecithin cA-jM — i 0a-4£ 

.Cephalin cJk^ -* <>' ^ dtf^-J 3 



A. 

un.2-U-L.U-K1 


B. 


1 

CH-0-CO-R 2 
1 


CH-NH-CO-R, 
1 


CHa-O-P-O-R, 
/\ 
0 OH 


CH2-O-R2 


A. B. 
Glycerophosphatides: Sphingomyelins: 

Rl —i R|=LonficlinlnrnllyncIil (iimltllioiul) 

h =loug chain fatty acids R2 = pnosphoric ester of choline 
R2- 1 


R 3 =choline (*) 

ethanolamine(**) 
serine 


HO-CH 2 -CH2-N(CH 3 ) 3 OH 
HO-CH2-CH2-NH2 
HO-CH 2 -CH-COOH 
1 

NH 2 


(*) Lecithin 
(**) Cephalin 







lUIS Jj_kj acid hydrolysis c _ s — Ja — u,_>]| 



^Ia^II l^b £ US 
(^HjOCOR! <j:H 2 OH R,-COOH 

CHOCOR2 CHOH + R 2 -COOII + II,P0 4 + X-OI-I 

I O acid I 

CH 2 OPOX CH 2 OH 

OH hydrolysis 

phospholipid glycerol fatty phosphoric alcohol 

acids acid base 



mild t^iA Jjks tiiisu alkali hydrolysis ls^&ISSI JJa^JI 

(jiUsJyi jjsujj ^j*V}M -M jj— II <Jl»j_j j hydrolysis 
glycero phosphatide ±&i^jjjuAsA\ t> A jV. I M J QjSj-jj 
J) *aLi»y b alcoholic base <A SjcISII J^l JLS-^Ijj 

OC and (3 - cSlijjiuij!* jjxtLiLk lluj lill jiaLoj qa CA$j\j*JI Jajlius 

Jjks ^ V£ « g ., >>i V-^ 1 3 — Llsuallj glycerophosphoric acid 

mild fatty acids strong 

PC ► + ►choline + a and P-GPA 

hydrolysis GPC hydrolysis 

^ Jj] pJ La OA^I CjUU. ^ L^~2 JSl i^V 1 (Pj 

2L*j1» a acyl group ViSI ^ijiiwVI j_ll Jj phospholipase-A 

^ji] ^jSj Ulu lysophosphatidyl J^^jO^-Mj * 1 ^ 

i , ^iiij B ^ajll tji ^jj^V 1 ^ J 1 Jj ^'j phosphohpase B 

phospholipase C fjjs) ^ ' Jj^^A^jMj u^b-*^ 

AiViu, jill ^lLjI jSI Jiai phospholipase D ^JiJ fAj 'tP^ja J^j 
phosphatidic acid i^LAplL-jill aJj^H ^ j-* 

.J^lj^SS SJelSIl j 



A 



A 



'i, 

R 2 OC ^OCH C 



CH 2 0 CORi ►R 1 -COOH + lysophospatidyl ester 

j 6 | — R 2 -COOH + lysophosphatidyl ester 

> 1,2 diglycerol + phosphoryl ester 



O 

CH 2 OPO - X ► phosphatidic acid + alcoholic base 



cjoH |D 



Waxes 

ja*j»5I j AjtiuLa (JjSj <LuA,}1I (jisLaAVi 1-jlc.lj ^Hj^J— £ ^ 

CH 3 -(CH 2 ) 7 -CH=CH(CH) 9 -COO(CH 2 )i2-CH=CH-(CH 2 ) 7 -CH3 

Sterols ayjj^yi 



nr 



Factors affecting the quality properties of oils 



tiTjjjjll a'M> Jjjjil <jA o^aHj ^Lfcij^ *A>- J— 

jli jSilU jj^j (s j*Lll - J cjIjj^ - S^Vl - JkJI) ^j^l 

OUlla tlllfij SJja. (^3 UU tjjJ Cjlal — uatfl au w*5li_A 

s > jll doli-Ja^ antioxidants s.w£Vl c^bLi* lUS ujAJill j <Ij jj j-Jt 
SjjlLlI CiUaj-Ju - emulsifiers cjUVi .™H - antifoaming agents 

.crystal inhibitors 

csJwj oil stability cj jjjll cAJi Webster ^XJI tJ> jc- a_Jj 

Uia types of stability CjLull ^l^i jLaJ cfi*jj 
Oxidative stability ^^AW - \ 
Flavour stability ^Ajj -Y 
Colour stability cjjM _>iU 
Hydrolytic stability Jknll c^lAll -£ 
Heat stability ^ jl -° 
Light stability J -1 
Emulsion stability t.iUunJ iIiUj -V 
Foam stability s j&jll ^jSj ilibS -A 
Crystal stability OljjlUI Lyj£ oLu -1 



CiLujiVI - soaps ujjI — ^ ~ phospholipids cA^iA^—^JW 

- antioxidants i>^^2\ tiibU^x* metals _>-aU«]l - enzymes 

- seed storage uu— =^ ~ light pigments ild ij . ^ i 
deodorization *aJI jll ^ j ^jjk ~ oil storage c^jjjll cxjH 

.ajjjj oV j t>jj ft J j=* l> conditions 

flavour stability ^^Sall 0^ * J^f" 1 ^ 'i x 1 *.' ^ ^ — k - !U 4 
j Ua jUc.1 ol^u oxidative stability cs-WShll iiAj&IIj 

. c*15i Jjj^ Jb i&t Oj^ V j jAkuj ft^ 1 

(jiaiuJI jjS-B Cjj jll color stability uj 131 ^W-^ V-^L5 
^jSj qjIII refined bleached deodorized oil ^ J ^ Jj-Aj 
djljjL* tilUA jli fcu. c£U*-« (J^U. j light yellow Ujii >-at 

I Ji> 3L.L_c> hydrolytic stability ^W-^ J-4^J 

0*111 iplamkernel oil tfaaJB tfjl 'cocanut oil d-»S jj-^ 

Soapy flavour, goaty Vj*-^ ^ J C? 1 -^ ^ 

.^sS g&JI J ljjS V ftiAj .flavour, cheesy flavour 

ja^I t ^u oxidation S^VI J hydrolysis Jl*3_lb pIj— 



L8a»£l! J flavour J 4jjc. j— <JI j—ic- CjU .,^11 J 
'thermal conductivity J j— Lk-j-ajSlI J— jl smoke point 

.<ij£jA jjic juljj *JJjum SjjiLa XpJt>* (j^UaJ {jJj 5 ' 3 LSJ^ 
OjJjll J dlik^a]| (j* S jC. J (^JjSjJ <Iai jll <LajlLs (jXi JJdJUj 

■aljjj Jill {> j sjU jjj frying oils ; ljic.bU Jill iIiLAac J S^vin ,,^1 
uj^hj polymers CjI jaJ jJI j polar compounds ajjLSII jI j^JI ojj-Sj 
baking jjUJl ^UlL<u oalaJI ^iuij^l ^ii^i aJU Jj «s joj_JI 
(J*a sij jl emulsifiers 4.iU".n«> i j— » lJI — j=s shortening 
JtiLj t <SUJI e iA ^ 4ja Ljc^ft tSlli oj^j ^ SjLj jj S > j—ll 

4-»^all CjlL-all ^ Jji-ull CLjLc. (J^jj jaJI dilAH J 1 

Jll OjjjUi t^jiaVl JS CjXqI** J 4x.Wm.nll ^jA.illj jj jU ijuJl 
J S J^J LHJ^ ^ fj^y J^ CjLjLc. J^a S jaLj S^ujSI I4J t» o 
tlujll ^La^L-a tjj& (Jlijj (_S jl jaJ Jiuajill ^ w ■ Vi tjjSj JljlLj iCLyjll 

J Ajxfci oli Aiua emulsion stability <-j1 Vim ni l CAj J J_U3UJ 

Cjj jj peanut butter ^bjjJ J jill s^jj Jl» ^ua Jl cj Ua Lal l j 1 - 

dttJ — *->JI j mayonnaise j — ^jjUIj salad dressing Jl 

J 6 - J*^ 1 JJ i5A>i t .riVi . ul l ^Uaj J ^1 idJj margarine 
•mouth feel giiJl f iSU ^L^VI <u-aUkj texture fljill 

off-flavour <j> i _^ s^si . i „ r j .-..n 

poor-light stability > J jjuJI cjlill Cili djjj jll J jj 
Jj^ ji soy bean oil U^-JI Jj9 iiuj ^la JJl^JI Jlu ■■■ t5 — l&j 
c^iJI j cow erucic rapeseed'oil u uu\.« - ? \ ah 

nv 



^ *jjuiu> light oxidation <jj j*iJI S^Vl A>.ui s <gli_SI j„, jt a 
green flavour , t> £l jii lik ,> J jVl lW.>o1I 

Lr Jt t .ii hi" Ui_u grass flavour, weedy flavour, hay-like flavour 
painty flavour, melon Jl» £i s^sVl i> Sj_a.ll*ll JaJ 
l5 jsJl Qia.^mSVl aIoJjj a^uSS/i lii^su .flavour, fishy flavour 
Jjill j saf flower oil fJajUl cotton seed oil » ^Jij ls* ^ 

.corn oil S peanut oil ^bjj-JI 

CAJLo OjIaj c? lc. jjjjj j^jll (^jiVl J-al_yJI (ji»J tiSLi— Aj 

cgJUj 4j1i jil jjlill aJUj dllLua JLq t^xiioll jjjll ^ 
tji oiUiuj J jjAJ£j cji ^ (jit j t3iVi g/i uaill CiiUL-x* 

Jj^jji jiwijill j lipoxygenases j^^j-iSIjjjIII cjUj jj) ^ tSa_s — aJI 
lUaiiu jjc. 31a. jji jj^ cs^ Ijirjila ^.jj — jJIj phospholipases 

•off-colour OjUI J off-flavour 

Jl* ^jiall C-yjJl SJ ,Jc y$ jjifSl Aj>Ui 

jjc. oljjJaiJI jjlill J i^VSi immature seeds 3 ? .^ Ull j-jc. 

^jll Oj^j bleaching obLc *1ja.j ^-o >JSi ££U-~ 

tilli* tpoor oxidative stability ^^Vl cjliill 3_ajj ^ 1 .hiV" 
tjjSi J J] csAfc ^> J sj k5 ui* moldy seeds jj^l 

split ijj^A jjiJl t$A£ j 'musty s jj~ ^ ^J 11 

^JiV 1 JUI CjV^. S^jj ^j^V 1 ^ ^) seeds 

Oxidation ^Sfl g3lji (> ^ 3 s ^ Sfl 

.by-products content 



l^ia j^U-u,,^ ^ s jili uj jja. J^-aaj Uiu pressing j J J» — 
J| ^Ua^j ci^ qSUII fUJl Cjj jll jla ^ ajLSljU ji *U ^4 j__«31 J 

cjUjftl ^ t* 3 -) 3 * lipases lS-^ 1 W ^Wj 3 ! 
^uAJI jjc. 2Lua»^I ^La^Vl ^S^i ^1 oxidative enzymes S-i-SyJI 
lil JLa^j gjlill Cujll S-Sja. ^ J*l «^ Jjjj u-Jb&jj 

.SXoU^Jl siA t_iac l$Ju djj jll 

yJc U jAib ^9 i friVi o^iluiVI Jjln ji tljU Jill jSJj 
(jjL <±£Ajj {j-aLkjjLiUi Oj j Ajjllo ^ diia. gjUll C-u jll i i j_aJI (j-al j_A 

pressing ^uIjJIj solvent extraction *j_y^a*ll aUjiolb — IjS/l 

Aja-j-** j gjlill f.lill Cu jll jiiui j jjjSj ^ expulsion J jUl 4j_11j1I j 

' t »< j* ^ Aisauu tjjja J^s. jl £ya ^ • ♦ — ^ A (_5 jjj ^ — a j y-Jia. Lu j — =». 

J V) %1. .- °. tliljAiljJl 5jjau ilia.jljj US 4-uA.ill (jil — aaSfl 

4a._p Jk. 3 a <;« JLc djUi |j t^Ulalb (j^kiuLoll ciijj_l! 

dj^l j^Ub ^JiWll tijjj jli ^ iujlSL. ^ jiiJI CjU_j1I CjL-^ 

J J^ll Cllill ^ dLjUb jnU'.nJ tlyjll jlSj tUjj jL-^Lall 

LjjSjJ ^Ic L >«C5UUu 1 VI (jjia JJjti (^A) Jj^_>ll 2_ xisjjj 



Characteristic 


Extracted Oil E 


Ixpressed Oil 


Expelted Oil 


Falty Acid Comp. 










10.1 


9.7 


9.7 


c, g 


4.4 


4.5 


4.2 




52.6 


52.3 


51.9 




30.3 


36.2 


31.2 




2.2 


2.4 


2.4 


Polymers (% GPC) 


..6 


..5 


..6 


Iodine Value 








Vlavor Stability @ 


98.2 


99.0 


100.2 


57°C 








Initial 


8.0 


8.0 


8.0 


2 days 


8.0 


6.0 


7.0 


9 days 


8.0 


8.0 


7.0 


Light Stability @ 75fc 








Odor evaluation 








Initial 


1 


1 


1 


1 days 


1 


1 


1 


6 days 


1 


2 


1 


15 days 


3 


3 


3 


Heat Stability @ 180°C 








OSI@ 110C(hrs.) 








Ohrs. 


14.1 


11.2 


11.9 


2hrs. 


8.4 


7.6 


8.6 


4 hrs. 


4.3 


2.2 


5.6 


6hrs. 


..2 




2.0 



jJQji JiaLj degumming -II *V>« <S^ ^l^ji-jill a-* 
poor oj" ^ ^ uA> ^Wj^j 451 

.poor flavour stability <^ ^ "-V-^ color stability 



Jj* degumming — !l *\ J?-) u' ^jUiI jJ Cu. — ^ J 
^l^iuU J <ih jjVI <l« J>B *U1I J jLJuIl ,UA jj ? UJI L^l 

AUJ 15 jl f Ji«ii- ^JJjS jt f jAuJIS CjU_>JjS (jlft t5 jjaj *U 

fUJl O jjjll So^SVl j US ^jMuJ *U1I J c iUVI Ol j-^Sji 

•csjiS/l c X«Vb jUulb 4^ jjjjJS Jo 45 >UI *U1L 

_JI AuLc plja.] jj& j^lij melon flavour S jjaJ a^SaII ^la liiliS 

green <$Sj j^kj Uiij liLjja — «>jall lk> «a. ^I^su degumming 

tiLjjiuijaJl (jixAa. ^I^iml US ciiLjiuJI (jij-aa. ^^aawil lil reversion 

jjc. i4jjji^jail 0^**=. ; U»d ji degumming -Jl *.I>-2v.I g\ .^.i 

.LjjUj QjVjLilH ^I3jl 

t> %W-lo jija, refining jujSill ^}_Lic c5^>_jj 

U» degumming —II ajLuu J-UJ cjjjll J SJj^jaJI ^jUaII _>_jSJj 

* jjSJI iiujll J oxidative stability lsA^^ 1 2U,jJ (> a ■■■■^ 

i^jjMiSfcLJl tJj^aJl tjjiujall yjU^ jjSjj (£1) -Jjj JjJ—aJl £_ jJa jjj 

Sample Metals in degummed oil Metals in refined oil (ppm) 



(PPm) 





P 


Fe 


Mg 


Ca 


P 


Fe 


Mg 


Ca 


1 


134 


0.1 


7 


8 


3 


<0.05 


0.2 


0.2 


2 


21 


0.2 


5 


13 


6 


0.1 


0.2 


0.4 


3 


53 


0.1 


3 


4 


7 


<0.05 


0.5 


0.8 


4 


108 


0.4 


23 


44 


5 


<0.05 


0.5 


0.9 


5 


83 


0.1 


9 


11 


3 


<0.05 


0.1 


0.2 


6 


168 


1.1 


37 


81 


4 


<0.()5 


0.8 


1.2 


7 


78 


0.4 


19 


35 


3 


<0.05 


0.3 


0.5 


8 


75 


0.4 


18 


37 


7 


<0.05 


0.8 


1.6 


9 


129 


1.4 


28 


66 


3 


<0.()5 


0.7 


1.3 


10 


72 


0.1 


6 


10 


2 


<0.05 


0.2 


0.3 


Avg. 


92 


0.4 


16 


31 


4 


<0.()5 


0.4 


0.7 



Jibu prooxidanl SJ^SbU S-icL*, s^U jiiu jil j Ji jjjKII cjUi ,n 
dcgumming — H Jja jjjS&ll <iii><a jj£jS JSjj i* j-^uaL 

A)_>j Vi '^j— ls— ^ bleaching — Slj n-efining Uj 

SiUS U jib J^ villi . ,j jjUI ^ U> o . ^ Jjj jjjKJI oUu ,n 

.ts. ^wall ±3*. 3 jjji AjUJaJI SAuiSbU S^ftLoLa 

gji^jj CiUju-oII ^^luu! jjialiajl J) bleaching -J AjIob (j^j 

11 lJJJj £-jJW-J li* 3 ^jl,>»J jJ'j djIJaiiljLoijill j jjj >la1I j uiSVl 

viCJOi^jjlSlI cjl&k J jiilj .^jUSI CujU liilill oj—u^S 

t> UaUu Jft1 (m) U}3jJ^ (j) l«Js>L5u jJ i ift A") 

OjjJii pheophytin — II j pheophorbides _J (jj ^ <( ' ) <Jj— sjjj& 

JjiajjjiSlI Jci ILUiu 

CiUHll t> JLjllft Jc J j.,^l\ «d dU tlto—^aji i-Jl j 

refined ^\ J >ll 3 j jl*SI j— JI ■ »j J <jAi— «£Vl 
jjAall J * j», *i . JSl tj—ic- bleached deodorization 

US tj^ NVi.-V l J a ^vlu^ l t 5_jJLlaxll i_ulail LjUb l&j 

Sjjas ,> ( > a 3 anlilbaming Sjo jU =L_ *jLJI ji *\A jIj-^M 

.Jail dULaD plil SLala. djjjll 

gcSljll cjjjll OjjSjb l^^c ^.Ij^j Wj fU*VI W 0J*^-J ^JiJ-^ 1 



Fats and Oils analysis 



(jfl ^biaVl ^ ^ii-oj CjlAmlll JJau <fA*i jbul ,jJU} U j 

.*jjIj=J CjIj^I ^ijixill Cil^l^VI 

• oliiil jiiallj AaijJa^l u^sl pj ^ CilAuillI j^b } uj^jjuII -V 
. tJ^AjJl j ^jjjII AmmLW u uol pJl ^jk. i-jjjull 

.^liiJl gtSlftll ^ j! djjji) kjLuSl! ^hoI ,»JI ^ -0 

Cjli^. ^ AjitVl ^ jiSUI d»X,l*All >_ib ji-, :L_J >> -a 



General considerations in lipid analysis 

.li j — J 

Utiii* ^ Uji US Cft piUI ^ CjljLui jlikll uJjU -X 

ciijoiuli ^jamuIi liydmphobichy Aj—^Lk] jli ^jl-J ~£ 

' ^ija^UkluiV 0^1 j c-ulo jluaJ "4 t>« J».>'i ^ilii-«Jl 

i>o Si*-* CjLj jSw« ,JC o jbc. ^jjc.Vl u— i CjI,A;,,,.u1,II t>a— >u ~o 

lijij I.iposacoharUlus olju jj^lil 5 Lipoproteins Cjliiijjj^jill 

} \ Ciliu j jJl Jjj JojI j jil u — 1) tJJ'>— j £ta.U— Jl (_><a^Ul_MiVI * 

<Ai)& jSjj jykAll OUua. JJjau ijSai jjJa. iujUl j OljJh&_yjj__SI 

Jaix j y , ; j ,V't ^jici jA.ill j uJ^Jjl! Jjl=>^ opL_iSj 5 — 3J> .1*3 — *J —A 

.«dlkj i j-all A).ul,ll AjUjJa j ^- jj J AJjIiiJl 
UiS 3 Cjlii)aJl p** LS -Jc ^^Vi SfrLJS Ja1_ju 

m 



StliS (juajj jtkJI <aluw juji ^1 lyophilization Aijla pl-iiluil jl 

jli jjU-J j jUftfl OU1_Lq Jj o CjIjj — j£jk.jjJ]l j (Jjlljjjj— Jjijlll 

lilj ^ U-iI'm jjc. (JjSj 'LuLall jJfr CjIjjAj-JLj jJjIaaII (jja^liJ — uiVI 

^ja'uib acid hydrolysis ( _ r ^"l=Jl Jj1=-^j ^liJJl ^ajjjJI 

^ jjilia-« D"* ^^Ouu ia.jU=Jl Ifljlaaidj tSlLaxuSf I j ^ja-iil 
^Ijiiuil j£-aJ LaS Ji^aS £«a <UajuiljJ AUilll u Ic -LjjJ ^Jj — 9jji£Jl 

Rotary evaporator -ml jj ujjj-ji]! j j-vn ii. j - ^ V 

.DJju^i l^JjJA. ^Lal ^ jJa^jj^uj | J*Uk Jlc fJ.W'UiiLj 
Ajc-ji ^3 jjjjISI ji 0*031 j! Cjjj]| CjUao kiaj ^LqjAVI U-la^j -> £ 

.AjjOj^ JJC. CAAua (j\ JJJ ji (JjJ Jjlialll ^JJjug -l_J 



-non hygroscopic <ij >>jj -o* 

Cl3*^J «=UHJ* LKfiUl-l 
Extraction of fats and oils for analysis 

J-J j& s^J Uii oj* ^ -« J 11 u-^-" 1 (iJ- 33 1 tfl Vl 

. bus U jUJ 

, f ^-.-^ l^aJ ^ Solubility oWj^ ^l^ 1 W W ~ Y 
•Solvent polarity sjjUI t j* 

^> JL, ^ J t5> ^ *V 

t 3 > _lu J continuous extraction o^^-^ 1 

jl^ fli&luL Intermittent extction 

u-AiSJ ^ >! d>-l» 'Soxhelt c^Sj-. 

. SiSA j Babcock method 



Solvent extraction methods iliUjjulb t^q&UiuiV! Jjla :JjVt fuaill 

1- Continuous solvent extraction methods. 

2- Semicontinuaus solvent extraction methods. 

3- Discontinuous solvent extraction methods. 

4- Elevated pressure / temperature solvent extraction methods. 

Wet extraction methods <-*M o*&&A\ <J> H*^ 

5- Babcock method. 

6- Gerber method. 

7- Detergent method. 

8- Roese Gottlieb and Mojonnier method. 

9- Folch method. 

10- Butyrometric method. 

Instrumental methods cjjal! ^1 

11- Low rsolution NMR methods. 

12- X- ray absorption method. 

13- Dielectric constant method. 

14- Infra red method. 

15- Ultra sonic method. 

16- Colorimetric method. 

17- Density measurement method. 

18- Foss Let method. 

19- Milko tester method. 

20- Refractive index method 

j\ v j± til t> yik i^jij oj^J^^ *M 



ts* ^ jts- 5 ^ M u*>^ V"j Rotary evaporator 

<J> jj*} s-y^ 1 0^ Semi cotinuous oaHiiuiVI AiLjla ^^Ji j 
^ thimble oW^I 4c j*i»>*ll ;UUJ i>a iL^La 1 V! j 

\ . o JSLk ,Jj Soxhelt extractor i^-^Ui-OU ^ j 1 — 

<ia Uili l-jjIaII JSoija siphon W 1 " ■ 

j^Jj ^jlawijll Jj c5 JaiS "-J^ all >rJ , 4_jjLiJl 

\ . . x JUjJI ^ oajU % 

iiU *i*Jl ^ j j 

j»|jilu.l Discontinuous solvent extraction aafcj La_u 
V j (jilll jj^iJ modified mojonnire Ai^l jjjjj* AijjJa (jjUl 

4H**1 j mojonnire extactor oa5Uiu.Vi i^j (j-i oj— J ai-jc. 

Ajlib t_uia!l f jSJ djja. ^jll ^« jiyl Jii} J-^VO f— J AL-aJI 

Q^iU-ln.^l AlJa t> ^jL Jl Q nU'tMM ^Jl ^ JJJJI j»J^jJiAll 

till jU JjSij jAjVI ^uL jUJL-Ij & jSj* J> LSJ-^i iSJ-Pi^ 



* V » jjJc j^jU ^L*a. ^ (_>ijl£31 ^ajjj liL jjISj jJja q^a. 

(Jja^j ^Jj «(JjjIjjI J_ja^> J">^ • ^> — ^2aJ tAAJ—Sj V* — a] 

.mojonnirc 

Elevated pressure / temperature extraction ^j— J= L5—sj 

a-Lj — Lj Supercritital fluid extraction (SFE) ^jj — ^ 
JS s^Ljjj <g! ^_JJ j Accelerated solvent extraction (ASE) 

£^0^^^! ^Jc. wet extraction sjL jll (j^LkloM (jjjls juIuj 

(J ia t baaJS dlja»J (Jj>iJ <jA ^ ^uliiJI iilj-oll (Jj*^J ^Jd,^' 

likjjjS (jiwiA. LiLij jjjUl ^ ,y>d\ jjjiil Babcock iiS ^-JSab %hj-Jh 
^gi ^Ai*Sl (j-a (^A^ll jjjajj 1 - J j;V --^l V^joi ^ ^ ^, \ ,AY Aj alls 

(j^M*. AiLkaVb JaLiVI Jj=k£ Gerber Aiijla ^ Loiu 

(JA^ll CAiUa* jjaj j CjI jAiA jJjllI j dlbij jjjl ^jJaA ^ lijja. liluijjill 
.} ^jLc t AVj^l AjjjuVI ^ aMSL_uJ| S jj , .ill jj—lc ,j tfi j 

jaj JcLiill jjio A-iu l^jl Jbu Detergent method AjLjla t^-Jj 
<>j Jij^j sjIs^ulJ I juiSj ujjSj! detergent j u^jj— 

dioctyl sodium sjS t5 __* a-»^j_wa1I detergent II diLSj— « 

ciiUSj^ ^jjj ^ill orbitan monolaurate ^j^Vi phosphate 
•hydrophilic nonionic poyoxyethylcne detergent 



qa ^ilSlI tiiliuiill oq^VwJ Folch methiod AjLjls .laluj 

ftjaJI dll.lUilJI (j^olrvWl ^ijjkSl siAj toAjoiSi Cllj^. ( . UaU £-8 A > nUhnoll 
(J^A'uhV JjjljJ-ftll jA j polar ^jkfl (J^JJ^a ,>> Ja jli-a fJ^a^J 

^ j_»a jjSSil jAj non polar t^JaS jjc. jiVl j «j— *j_«la >J 
rotary evaporation JU=». sjj-^I ^ ^.^=>j^ 

.Bliegh and dyer ttjla tijUl <>i* jjjAI i>j sl^l^j ^U^Vlj 
Instrnraental methods aJVI cjj— W j— 
us ^-iix* ^jioi ^ Cff jA^ii (_$ nil jpsil ^tLau i^jSij — uij 

J X-rays o-Si **_Ji j ^L^VI u-lj-ill 

*n tJS&kl j a-u jjuoII jiJI ^l^lml jl Infra red rays *l j*»JI 
fhViJ J SiisJI ^ ^ia^I jx^SL ajSSU j sound velcity 
U^VI ^311 j NMR jW* Ji ^U^i jjJI (> SjjLJI dlujill 

Dielectric lJ-^« iJ* 1331 lP 3 — «4 ^ 

(IjIauiUI ,> MJ* uSiii "as&cj I^jUVuj Aji&Vl (j-a constant 

jwiu ^ jiVl tSjWl ^ j Hyodroxamic acid QJ* ^ 

jj^Sj ^ Julo jjla lilUfcj ti>jll JJ^Sj W^H L^J 

.Milko tester method ^yjia sJ£*Jt ^-j- 1 
rr. 



Separation of fatty acids Aj^-aJI jiaUaAM J«aS 

t-JJ^Jj (JjiaJiJ V 11 *^' l>* ^jAA^ (_paLfta.Sfl J*-a3 (Jjia 

Distillation J^ 31 ~ ^ 

Crystallization jjV^ ~ y 

Urea fractionation Vjj^ 1 pl-**^ J*-iH -V 

Counter Current distributin &jJ® cW**j _ * 

Chromatographic frationation i^j^jVjj^ ~° 

i^&vi ^ j\ i juyi j^j us t *ji jjjSJi aUUi ^jjL ^ cp 

'Ci8;o ^jW 1 lU* u^xj V lilli Ji. tAl^U! J ^1= 

.(_>a»Jl I (jc Cl8:3 ^AilA^J C|8:2 4Aj^J C]8:l 

(j^uJ^I Jj-ai ^ Steam distillation (jji> .. n j 

LaS tjjifll (JjAJ O^^J L>^' CS^ "J^ 3 ^ A.l,i,niu,ull ejJ — uaS Aj iA.l5l 

JjjuaAa OjUjj Aijjlaj frUll ^ Ajjlill SjUlaJI AjiAjJI (j^iLo.Vl J ' 

Uiu iReichart Meissel number —j (jiaU^Vl V-j ui j_juj 
Polensk number — j *U1I ^ jjc. ajjaaII u *Am&\ 

jaLSj]! Aiajjj A^uaJ (ji>Laa.bU AjLIIloII lllljluoVI J— ua3 i) ■ ^"J \ *S 

.sj ja. Aa. j^j u '^Wa laiuSa <ii*$ Fractional distillation cj^j j=JI 
ajja J J^-ail Crystallization jj^ 1 — 1= ,Wi *' j 

jjc. (_paL*a.Sn Ajjju Si-jjjj Ajjjjj&II AiuiLaJl Jjla SijjJ ji»L<o.Vl LjLijj 1 

£la lilli ^ j ^conjugated a*^! jjc. ji trans ^*Jb >ll ^ aju 



rrr 



<tJ C.| jail (_>j£ Jill (V) AJSkjjll £jJa J* 

•Uajl j till j ^SUll JJC AjA^I (^iaU^S/l (J .rtil jAjllI (jiaL-^Vl 

Ola<.j^ ^JC S jjlJI ^ijjiaj t^iiioSl j»Jc oAi^c lilli j C a.1 j a. jj 

.£_iiiijjl f.^O Ajllc AjjA^SI (jiaLa=k.Vl (J"^ ^j^aiaoa Sjl ja. 

tjl (jjLail j^ic- LlJjJI ^l^V'l»ilj <lifc^Sl (jiaLoA.Vl (Ja-o3 ^AlJJ 3 «^«J*JJ 
^ ifjC-liJ (Ji*S Clli ClIjjiL SjjJ-a (^it ^=kj— J A j Vlll Ljjj4_Jl 

yjSjj tljjjjJI Ajjlii AjjjiI^ui Ajj_ji3il« djIjjJL ^jjSj AjiA^JI (j^ai aiVl 
.4*jAa1I jjc. (j^U^Vl t> Vjlii JSI 3*1,^1 o^U^Sfl CjIjim 

ljisLaa.S/1 (ji (JM^uil ^jlc £jj_yjjl ij-slxju (Ji-ofiil (3j^> — *J — 

(Jai j ^jiUll U j^ll JJl^ll ^ UUji JSi Wj^VI ajjA^I (>U^Vl 

aajS JI ttjUl uUill J ^1 j=.iiUjj^l tjjjll J cs-alj^^jjSJl 
(j^al ji. (jic IJuuju* L^-aall O*"^ Oj— ^JJ 'O- 3 ' — -Jlj— 8 f I 

^ jj t^U ^ ^illiS partition ^jji— J Absorption oal—^VI 
.elution a^.1 jVI ^ ^u^i^l i^Ujjull ^jjj 5ju^aJI SjLJI 

^Ij^J JL*jJ1\ ^jkalU AjjA^SI tj-L^Vl i3> ^ 

Fatty ^^11 o^ 1 ^^ 1 ^-A*-! CxJ& j methylation ^*J— 4? 
jjLkj (jAx, > jl^JI Jib J.-aali acid methyl ester 

Sj! jaJl ClUjJ fUkil Uii Jj-jJI c> AaiAil t>l^Vl CjI>-I Jl_«>4ilj 



gas liquid <j jUJI ^il jjU jj£II Jjkjll ^ ^ja^dl j 
lj^jj^ uj> J u^jj^ ) I J- 6, uj^j chromatography 

/tjljmty Jia (j^ol i r-iioJ o jLa L5 lc VsIt.a (JjSj Cluljll Ja_juijllj / ft jj , VjA> 

( _ r Iaij Ifrii jl ^ o V jLa j Uia U £ l^Jjia Ajjjjl Luuj Cilite 

jaJj t^iS "V « < ° « IgJjla Ajjstui <JjjjV jjlil ^Sl J.1 ■ ■>,!! ft j. ...ijU* 
dl j CiI£j>a11 AjuuSIj tiiSij Sjtja. tli^jj Jjc JjuaiJI AjLc. 

C)li CjUSjJl ^ ^Laikia Sjl ja. Aic j £JJj-<Jl t^AijaJl 

JaU-o ^ UCAlkVI £_J*-saaH ^aa«Jj .(jiaiklall j^jaJl UJjJl 

tjiLkJj . JjasJI jjjaII (jiu»L=JI bisL ^ill ili j_Jl illjlii 11 

(jijU^Vl fti^J JAiaII tliljiJ j^ll AaiAJill (jijU^Vl Jjj <j ;.l | 

BF 3 - methanol method / ajjjIs tsl j5 Oj ~ ^ 

Hcl methanol method / 4}jj^jj^ _Y 

H2SO4 methanol method Jjj^ / o^ 1 ^ %>k 

Sodium methoxide method ^xSjAa ?j^y^ aaj ji» - i 

Diazomethane method j ^ ~ 0 

peaks ^jlc j^jj j^ulII (j* <&_>uij si-»]l J.^in Isothermally 
Temperature «J*-ai3l JiLi. Culi sj jaJI gi^-jj 
uiwlujj ^^ualj jjlll. JSiS djli peaks <jlc. J programming 
. J^oi*li (.iSjaII jjS ji bjji, Uuilsa peak -Jl j*^. j JSju 



^ « « x peak J£ 5jkLud» 
Peaks _J1 ajISII 4»L*J 

^ Ui o^iJs Chromatogram ^1 

u^yi <>u*Vi <a uxai 2LuaJ o^i—^Vi J »nr» -i 

Ci4 C12 f»J Cio C8 C6 (J*-=a (A) tff^ iiuiLill 
^PaUa-Vl J*-a3 fJJ ^ JJJ^ 1 <LuLJl Cjljj Ate t5j^ ^ ~^ 
«Ci2:I Ci2:0 ^ l ^ Uf&JI jJO ^Ji Vji 

Ci8:l fJ Ci8;0 'Q^l ^ Ci6:0 

**JjiU]l (jisU^Vl fte Ji ^tiliUj AJjL^ ^jjjS 

i&aj .iuijj ^ cui ^ o^ 1 j ^ <^ SJaJ j ^ r- 5 

J Ci8:4 Ci8:3 Ci 8:2 Ci 8: l f5 Ci 8; 0 f*J tr^ 

jjJc. i_«j*SJl (jLoj Aj^jw (jjLJl J Uula aajUI Stelill ^IjjIjj 

^ jUaJl ur^ A ^°* LSJ^ CP aL ^^ 1 l> tr-^ 5 

Jo Jj^l ui^JI E j>1 r j3U ^jll ) Rt -J & lAxh*. -X 

UUi> Uj %) jjauJI fcaJl J fjfl *A* kjtiu, ( (J ja.jjUjjSSl 
. jUaJl J-ijjla (J^ ^ JjlA?. (> Rt fj* l> 

J ^jj jAj Ci8:l 4}ljVl J*J cr^^ J 1 ^ 

Reference ^ ^ uj*^j ^J 11 y-^ 



i> JSI jjSj RRT ^jS j-S^W RRT 

^jS 4j j\ju (j^Ai (_£jUJI ti-oill i_ijj]a jjdii Ciaj AjjuiLS Jjl^a. (j^j 

y j**J tyd f l jSU jjSl RRT — 31 t> l^Llij U V"^' RRT 



YTY 




Cavpon*nt (Add kUtyl Etlwt) 



P—kO 



Cotvponte* (teki Unity Etltn) 



1 C4« (Butyric) 20 

2 C6.0(Cvralc) 21 

3 C8:0(C«(xy«o| 22 

4 010:0 (Cipric) 23 

6 CIIAtUndKMOlc) 24 
« 012:0 fljuric) 2$ 

7 C1XO(M<J«CinoiC) 26 
B 014:0 (Myrtillo) 27 
g CW MyrUtoUle) 28 

10 015:0 iPMUdacinolc) 29 

1 1 C16:I (duo-Pwiud****:) 30 

12 C16K)(P«MUo) 31 

13 C1«:1 (PiWlotole) 32 

14 CUfl HtplwMcanolc) 33 

15 C17;1 (e(MO+(ipUo«c«nolc) 34 

16 Cie:0(SU»rie) 

17 C1»:1nOe(OWe) 35 
ie C»:tnM(EMdle) 36 
(« C1Mn6c(U»l«lc| 37 



CIB:2n6f(UnoMaldlc) 
C183n6(HJnotefllc) 
C18:3rt3 (a-Unolenlc) 
C20:0(AncNdlc) 
C2O:1r0(dl-11-ElcoMnolc) 
C20:2(cl*11, 14-Elcoudltnoic) 
C»*i6(cM, 11. 14-BcoMtrlenolc) 
C20:lrt3(cta-11. 14, 17-BcoMlrleoolc) 
C20:4n6(ArKhldonlc) 

C20:5(fl{cW.B. It. 14. 17-EleoHpeniMnolo) 

021:0 (Haflfeounole) 

C22£(B«h*nlc) 

C22:tflB(B*h«ilc) 

022:210*13, lWoeoMdHmolc) 

C22:6fl3(cfc-4, 7. 10. 13. 16. lOOocou- 

023:0 (Tricounole) 
024:0 (Ugnocwlc) 
C24:1nO(N«vanle) 
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Separation and identification of lipid classes 

Thin Layer Aija j — SI Lli Ual^^jiUjjS ^ u5 

lipid cjI^I cjUj^j Ljl2Liu ( TLC ) chromatography 

Cjil! J*^ tluU^ ^iiajli ^Jaii ^ijil ^ classes 

Ui«j i> j j! ^ jl J2J ^1 ^ UU. ^ ^ ^Ujii 

Silica J^&jM id*, adsorbent oA^&\ s^U JL> Jjk^ 
SjaJ\ (> ojjil fj^lSJI CjI^jjS Jl« <L^V 6> >L bbJ LjjII UilJauj gel 

Jai&ii t-ksJi ^ SJla dUi Jtou £-IjJSM ^JS . <L iuai3l AjImJ SjOKj.^ 

Base line ^1 ^ ^>>Ui siLjkj CJ lll ^ ^ ~. 
jLuj l^Laa jaII j q\£la jUaJi Jai Jl<u du_a. front line 

^ <jj*Jl £>Ja_£ . Jj-aall tliluioi Ellltion 4aJjVI 31a. J-o AjLgjll Jaa. 

^ cocentrated spot s SJaij ^ Ul ja-jj^ o . ^ . Aj-*— 

t^iilj (JuaaJI U«j ^joUJl ^jjaA^jll S.UVI ^3 £ £jlojJ tAjl^l Jaa. 

ojSj J ljsjj ) elution solvent a^I jVI <^U}i» J= ^ igj' ->j 

a Jia iil Juj cUVt C t^-H '( S J^ f^V 1 ,i4 > 

ijisJij i~ijlaSI i^-ij dip. Development duaj aL_Jj 1 . Y . 

j^Jc. 4ijisu (_j j=uj etiVI £>x» £ jjj <a.t jVI 4j1s& s.l$3il ii&j 

<J j^-aLill iiilj j^all detection j^J l5 j=s ^ '^j^ 1 s J 



■ ji^u'llj Ajijj £4J ^iiA 

2,6 dichloro SjU ^ ^g— J j JUvi ..L ^ j-J 1 ~f 
jjUl Aj^aiij J j «.l t*jL cr L*j (j—jll fluoreseins 

JUjUma ^.Vs'ini ^3a t3 ul-viil S^jjj dAjjjul! Aacjil 
- 2) :20 :formic acid (80 :diethylether :hexane 
1) :10 : acetic acid (90 :diethylether :-pet.ether 
4) :25 : water (65 methanol :- Chloroform 

.Uj****!! Cjb jloll jSl c jffl R F _JI 

AajUI (jJc CLllAuJll llAjji* Ji-all jj*i jtjua jj (Y • ) Jluill j 

(Jl* jj.}2j ji tjjA^ll j tlljjjll i-l^Jj ji Lg-V M&fcB CjIi Ml (JJ « 
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Thin layer chromalogram lor phospholipid fractions 
ol Teeban and Karouss Hsh . 
PE.Phosphatldyl ethanolomlne , PC«Phosphalidyl choline 
PS» Phosphatidyl serine » SP»Sphingomyline 
Una Unknown • 



General analysis u^l^l J^aJ 

Refractive index, melting point, smoke point, flash point, 
fire point, cold test, cloud point, color, solid fat content, solid fat 
index, consistency, acid value, saponification value, Reichart- 
Meissl number, polenske number, kirschner number, 
unsaponifiable matter content, iodine value, viscosity. 

Lipid oxidation detection Saw^/I jjjSj j uiAS 

Peroxide value, anisidine value, thiobarbituric acid, 
Hexanal, totox value. 

Lipid oxidation stability SomSVI diu 

Schaal oven method, oil stability index (OSI), active 
oxygen method (AOM), oxygen bomb. 

Lipid composition analysis S^j^l Jj u * 

Lipid classes by TLC 
Fatty acid composition by GLC 
Oxidized fatty acid by enzymatic-GLC mediod 
Phospholipid fractions by TLC 
Unsaponifiable matter fractions by GLC 
Phospholipid fatty acids composition by TLC-GLC 

Frying oil deterioration ^| Gjj) jjaj3 

Free fatty acids, peroxide value, iodine value, dien refractive 
index viscosity, color, carbonyls, TBA test, kries test, anisidine 
value, non-urea aduct forming esters, oxirane compounds, 
peteroleum ether insoluble oxidized fatty acids, total polar 
compounds, dietectric constant, polymeric compounds, alkaline 
contaminant material. 



Detection of lard in food products 

kitty (J Lard jjjjill u=- ^Sil (j^-JU x^^jj 

.(^jjSjuijjSiJl UuiSlI -Y 

Argentation TLC test JuaJ) ^Ultfl jbiiVI :V ji 

TLC ^ajll ^ ^1 jjill Jjknll jQ^i .„j ■»» ~ 

Jokjll Cjljka. l5j=u ^ t4xiial| A J^ K.l .., J .^-, ...I j 

^uiSlI ^I^Uj J^l ^lul J^i ^j^l Ljj^U 4aIJ) <a JJ3l J| 
diliwJl ^ Bands J-^iii cjUi* U.V. ^ -aa 

.( a JU*> nil 

• iji-aa t^^ 4 ^ ^ Ji^i i^Vf^ ^J 0, ~^ 

• <alai« H ^ » l^j j^Jij jr j^al! tliijll Ajjc -Y 

.AjUala ^ Y ^ « jfJau Igj jjjiaJI (jfcJ Ajjc — £ 

Microscobic detecbion ^jiwjjiL*]! lL2s!\ :Luti 

JjakS ) (Jji^ac <-JL_jju ^ jUiiVI iliaj (JA^Jl 4jjD uiliS liu- -> 

oa^ill diUyo (>^1S jjLj diiaja ^aittll ^ ^— ^ f— J ((Jj- \ij 



r££ 



melting j^-ail ^Jaii ji§ *&\^» £Jj — uijjSjJi 

.'£ . TV ^ point 

J^ji jj^jiJI ^j&Jil tliljjlLlI (JSji <jLSu j4 AaijIJI fijiA l. no j 

. jjjjaJl <j4.i l-Li&l jljJiVI li* jjic. ^Lqjc-VI 

Chromatographic analysis 

B- mono glycerides ^^uukji^ liull Triglycerides 
.^jj^-uk jjj* liull ^ Palmetic acid C 16:0 uSkLJUJl 

•gas liquid chromatography u JU1I ^1 ja. ita jjSJI 

Enzymatic o>Uj&JI jnJ ^ jjj <ku,l_^ ^ jjj Jjka ^ 
4kj ^ o" ' ^'i ^ jSyi li-A j hydrolysis by pancreatic lipases 
JUL, B 41J J Jc j^b <U Aj^oyV jsJi ^ a «a" **U J 

(_£jj| 134 tjljj ^ *TLC AiiS Ji ^iJali ^ jjkmi au..,i j: 

Jjx^LJl ^uukjj^llull J ^ji4^1| (j^U^Vl C5J?J t^J ua9 



C16.BMG 
C16TG 



C16 BMG 

C18BMG 
%Salurated acid 

a^Ji OjS3 tsjtj BMG -it ^ ; tisistij-r 

%Unsaturated acid 



%Unsaturaded acid (BMG) 

turatec 
(TG) 



%Unsaturated acids 



Frying oils Jail ^jij 
jiib l*J ^1 j Jill j J JB cijpNi Ijla 

(JJjW^ 1 J J^J ftiAVI liA '^J^ 1 V^Vl SlS JW J* 1 

:U* 

Aji&bU jL&l AajJ t° ^Jj^j g^loSS 2LuliiJl ^alLi ^ULJkVI 

jsJ! Jc Jijp Jllj Jill J-j J ^ u-3» ^j-jBB -V 
.<ja aJUI ^ifcS/l ^iSj 0*^1 ji 



rn 



Cj^Uuj ^jjl ol jxib l^a Ji.l.sS jjjuxll Jail ^ uull <L) ,U. 

iPolymcrizahion S jaLSI iQxidalion S^Vl dlyclmlysis J1»j-JI 
i Increased viscosity <U>jjUl Si__ij tColor format ion uj— 111 oJj— Si 
•Changes in odor taste and flavour ^1 J\ j f*W jji Ol jji2 

(jo J.jluuJl jjoS Jljj ^ 4ji^.ill OUI (Jli li—A u — « j 
OLj jSL* ^ ,ji ^jr>,».iMI jjIj iJ^q U 3 AlLunxll ^^^11 s OjJ^U — «A 
oJA .1} jiij SJjJm Cii-o j t>al ji. Cjl i CiIjSj* jrljjl j tjA^ll jl CjjJ_JI 
jjjI >i Ciliwllial] SuJjk ^wj jjl CjI Uxu 0 jSj i OL£>_*]l 
^il jll i n")\l ^ji l _ ff ]c S j'Slc dl (wVl j eJi — *-«II S J- ..ft.* ObSj— « 

<j-ali. ,^1 <j1ac lJq j jJi ljJc UIJU ^ AjjIu^II Cj5UtUi]l Aauu j 
SjsLJI QjijiJiSibU (jijjjull (jiill Si« (jiSlI Sjlj^ ^— ajJ 

.il j-oj I^jjImu Jl« yiill AoLxl ^jjliill S^Ull Jlj&l IfcilS Aa—ilJill 

ullVlaJl ^ ^1 Cuj jiiij jl i*jU i_is^ Ajli j — Silb J—***,) 

.sJjl ji* % (JjSj « , ivi>u L«* jjisll SXn Sij j "■■ ^ 
.JSI jll uaiiUl J| Jill Ojj Jx. ■ Y 
.^j_jc. ja jjc. AjuI jj jjfti "V 

^jijia jili cHcut transfer ls J jaJl (JliLJVi j nniss translerc ; Ui_Sli 

JjaJl ^liJjl S^UI JaJ^ ,> 6 jsJk 1^1 O^j JLuliiJl SjUlb » jj 
,S jl^pJlj t, tiiyiti j (j,)7>,>ioll ^kiij <Lul*&]l SjLaU Lr akjLvll ^rknill (jx J&fij 

<>> 4j] j jB ^ij pumping of water -ol J xJj 



iuic-hn Jtf Uj$\ jlSLS V Ml JSSil CjUIu^ p l.siSJ uJiJl 

jjijuijll j!iU> jjJall Cliijl Ajjliill SjLJI qA j — uij j_&l jiill oi-Jfc 

JU&VI (ji J j-il e-it <J>laJI j ."^ ja^ll Wkj^l (J— <3>ti "'Vl 

cjljAih!! WV Morton ^JU^Il afi^l cjUjJ dijui ,i_alj 

AjjLjII JjSkj J villi Ajj jA CjI jjijll liSj AjjC j*ll JJC- tl^liall j 

^1 tluj ^ AjM S^Loll iaUij ^Jill P l j^J ^ic j 4-uliill SjUL 

L^aUa.Vl JjiiJj (^-iUij AjjUu tljlAijMijU AjU^jII djl^ij,.n\>ll Jkj 

(j^jxaSVlj Sjl j=JI j^jj ^ ^ 'free fatty acids i j»JI 

<jl SJUnSVl gjl JJ LpatJ dl^J ^ " djl£ (^11 J^iSjj dll£j— all 

jjLLUi >Vi *>ii jj^^ »^ u_£^ jW c- A - Ji 

tjjaj JJ _j& ^ US .Jill Sjja. ^. > g-tfi jL? SAuAl CjVJ" JhjSj 
: J^Ai tj* j tS.lu.SVl J>*-q jS£ (^_^Vlj SjjaJl <JjUj 

. j...<N^ ^jia J*-all CJJ jll <UUi-a — ^ 

.(j-Ujll JU i^oiSSlI ^aJu l5-^> 

JLq aaSUII Sjl jaJI i^iUjJ cW2 S^uSl djhL^ Jj^j ci-i— « -V 
.SAuiS/l rJ lSi ^1 j Methyle silicone <JA- 

.jrjlL c^jj ^1 ciijj J^iluJ -° 

Jjm Jal Oic jai j S^-Si U ii— (JUi^d J-&i J~^^J 
Jail Sjja. ^ j?J ^3J f 1 ^ 1 t^ 31 ^ ^ 



j^UHIj Cnji jix^lb Jail J *A ^-jljSfl dij_Jj 

. jLall UUL (> jJajiall 

XjaJj 2Li1ac iljjjaj S j ja . ^ ^ (JJ^ ' * W ^ J— — 

(jjjuJl Jail ajLc jjA^ll J jj jll u^Luu Aic j polymerization 
volatile SjjLkLo jjSj g3l jill ai* <>a*jj 'uj^" gj'jj 0^ 

dilAjA^I 4jj\jull 4j.lU.SM i^jjuu1?JI CjI^jjjJI 

^1 gaijj j> >Vl »>1 t>L^S/l c±i_££li 

CjLSjaSI (J^uii oiAj non volatile SjjLkLo jjc. Sjj*-a j^-i ^j— 

CjbSjAj SjalaJI 

4j11c CAjSj* J J < J^-M 1 LJJJ 11 

ja. Jc Sic. j$JaJ Jll j £j*uojI ( ^ J^Ji ) J> >JI Ojj-^ 1 
J Jllj SjfcjJ Cjj^ JJ j-JjJI ijyji ^L_j^a!I 

aiA S.l\jj 4jU. Jj i4j!ilall i_iil ja. JJ <Jauj Jie.1 — i^sai <li\ — e-laS S Jj—j-a 
Jail 4jlaxl £t!L-a JJC. ^tJj-al <iV Jail ^JJ .'"'"'I ^jt jM 

S^O Jc Jail iIajj Ajjliill Si-all 4jjJaj (Jclaj t-iSjljJ .4Aj-allj jLia 

ilua. .4jj|iill t> Jail tluj JJ Sjj^lall AjjJajll 4j , «S 

.4jjajll AJ-oS S-llljj ill! jll (J1=U J^jla jlj j) 
4jjAjll (>aUa.S/l Jljijl JJUl* i-ljj liija. Jill S J j—a. 4_a. JJ -Y 

.Jail 4_}Lc- *L£ii SJ j=JI 4a. jj SjLj jj SjaJl 
AjjAjll ^^Loa.^1 jI jajl Ja«-o Jaj disa. tt^ujll Jl^fj — ul — « —V 
.£ jUa ji».b Jail tlu j JIJUJLuil (jAat-a S^Lj jj a jajl 

• Jail <^A}j JJJJJj (jJa-uij Cllljx ~i 
P.^ijl Jail djjj J 4 wrtollj l^ila Jl jaII 4jic.Vl blaj -UaS -o 

.Jail Aa^ 

<JliLij*ij (JjUj^jj Jc. ijy — =o 4 — J^c-Vl jl *— ijj «-»ll j — «J 

J ^aaaS Jllj O- 2 ^ 0 "SWJ^ *— '^J — * Ljliujj — j 



jiihli U Ojlll J^J t^SM J5 3j Le. *h_ji t# _JSll tlij_jj 

.[Jjill (jlia&l t .luoj Jill CLuj £a tlAj jIaII ojlA (JdIAj J (Jjlj_sJl 

^liill J jJ ojJ ^ili ^ t^jll ujJ j^j t^ 1 tf-SI 

JJCj IjAIj Ujlj UJjC. ja jit IjfrlaA iail JaAjl eliill ij US t4j Ball 

SjUI g- jj ^i^jiU ^jUl tjjjSi t al'^jj t^jSliiil S^Ldl J j\ 
J§ OJ^ 1 cJ^ c& (j-laUajll J8 ; Jill J 2L_3lii]l 

Jclijll J^«-4 j* £ jjjU tliliu jjj Jc. ^ J\i\\ jV lj_Jai £U„l_ll 

SjLJI vUii ^iS *Lis Jt Jll tjJalK' L Ojfc-J J 

. jJl Jjlll JJ jjilj ill j JjHSl ,> ^ajij Jail £c AijIiiJl 

(Jlaj jLL tLujj Jill Cijj <Jj.uJ Jja-Q Sjbj j&L j-j^j 

. jjlill (> 

Jill Oj^j S4* jjjS3 J> 

nlfil liiiaJ Jll till jjijil <Jj.il lJaS^LJI (> 2 jjSS .i j$a tlilij xJl 
liusv. tAjjaAil j Jail ill jjj jja JS S^j=k jJ^ajj 4ji&bU Jill 4j1ac 

jaIulaII Jill All jL jib AjuuI iiili£ JU^aII lift J (Jjia ft.ic £Ja j ^ 

jijbj l J jaJl A^jj j cjjjll ^ jj ll_S j t( Ol_»aj ) gUft oil j 
J pAiluLoll Cxi jll tliUi Aaj^ Ltf^jJ SiLja^ j| ja£ S^_oiSVl tUbl — ^» 

. S^u£Vl OUaC JbJa Jill 

OjSi JS1I ^jLo jiibu ^1 gjl ji uJ cJi U>a j-Si L^Sj 

: Jj Lu t ttjueUJ Jll j SjjUala tllbS ja jc ft jLc 

pUfil Jll ^U-jSJI i^AeUSB J& tliLS jj fti& jl -1 

.ajiiiii s^Vij ajJ jaJi s^sVi j&- Jsji 

.Jill ajL*j tfill JaUJI aJ^I jj t^.iiiuu tiiLiS jj si* jl -Y 

.pliill \ a ,n"Mjj Jill tlyj J JlaS tljbS jj ftM 

JUlbj JLJI pliiJl A^Sillj Uil jll Jo jjjj CiUSjaII fti& oj -£ 

.aJ f UJI (Jjjill (J^a j A^j' O 31 -^ 1 ls^ J'JH 



AERATION ABSORPTION VAPORIZATION STEAM 

' * ! 

( FOOD :3B 7' — ' 3a> ' I 

V U y HYDROLYSIS 

t. 



SOLUBILIZATION Metals /olher cations Fatty Acids Diacylglycerols 

Monoacylglycerols 
Glycerol 



v y n 

Food oils, fals & coloration '••■••••»»• * 



» i. 



1 I 

oxfon SAPONIFICATION 
—OXIDATION* 



1 t 



cyclic Fatly Acid Hydroperoxides — .-as^FISSION "EtWree radicals 

monomers (conjugated dlenes) ^ 



* j i i 

DEHYDRATION ¥ J 

d/ acids, aldehydes dimers 

I alcohols, ketones trimers 

ketones epoxides, hydrocarbons 



FURTHER MTBS ^short chain 
OXIDATION volatiles ! 



Ij.ljlvij villi! oJA >i-&J I J-i Aoa*^'! t> « — iji \'\ 4,] j 

lIiJ^j (jjll CjI jMA-ii jS-w , .Jlill AjiUd ib >«jJI ^ Ju-o^j, 

UiS ^1 j o-iya. »JttJ ^UOil^Jl J>J( u v*fiJi 

Polar compomu'iU A^JbUi oi^s ^1 :V jl 

^LwiUilt Jj^lsJl ^JUjhUll Cj^jj&I .1-4 j t^jJaill j «Jf j . 

.mai ^ ASAC iMAV ^UPAC ^^^J 

J!5li. JU^l li* j) \ T :AV ^uJu j£l J^l / ^1 

jjc. CiUS jaII jjj ^ujj ^j-lSlU ^jluaJI v"^-** j ^ vy-^ J>*»4^ J*j 

U J 5 J J$ "SwJa*!' »-iU" * jS*? »j 11— jib 5 t <»..,, jUiit 

l>> %Y V jjS jp ^ ^ ^1 «ll j . jaiai c.1 jsk) 1 j,i j j J > i) ^> j 

pjj jiij^iHj ^^ioll t l f )*sUl Ja)1I JjJa j* Hij^l o.'i jl 



Aluuil jj U jjJlSii jSxJ Jajl j jll 'U-iUu AjijAJ j^IasJ jlui 3 <u>. j J>ll Jajl j jU 
Cjujj ^Jill AjUfr J ^aUj f!i AjIjJI Jbjj u uaUal»VI : Uu3 J Jia-XJI 

AjijAj ^uaLoaVl ojjSj Ja*-> ^ jl jjVI jjl jjIU I»jj>« lift j t^Ui a 

jL.i J&Uj <j* 4j jSmJI _>ai! jjl ,jJ j£j Jj*-4 ^LjuJI ) Jbul j j^ll IU> j j 

SjljaJl ^oJl jjutill jJ-iii o-U_B \X-A >_jiu j 

^jjll j koSU Ja'l «a£] j O (j-i&il |»J& S-lUc iuiAjll jJbl— **,Vl 

C|6:0 :Ci8:2 V s *-*" L*U^I J**3 :titi 

Jxujj jjfiill CiLilaft J3U. (jiiill Cujl AaiAall jfcUa.S'1 i_Jji*J 
^pLuoill g-Lii jVl -Wlj,J .-SjiA^I ^usUaVI s- 1 ^ >j cr* *< J^laJl Cil j *'\ \\ 

V jl^juu Lixuj Jai j j^Lu ( 4jJ jlilll ) Y : \ A d ^b^Jl u u»liijl 
YV Jj jjj , diul &UI ^ yi-u, ^ ^UbLftL <i jlLJL, %\ 1 
Safi aS"51g >La : H J ^1 Y : \ A ol v-j j jaij ^ j .% £ 1 

Dclectric constant ^jfili :bulj 

^ AjLd JILa. (jjfijl Cijjj fAfc <a jJ^till ,y>-< J^^*- 1 >— * J 

jjji ^1 s WUll cjLu>JI ^ j .ib jj ^iSJi <jLc £ — <. ."1; ^ .L_jic.Vl 

cuiiii UjS j aiiii ^. jUJi d ^311 J us .Uiuii , ^liiii sjuii 

t Jjuuij a JS ^ jl^sJl 0 jjLu> 'ilcl ^ >r y„ * — llj li-^J ^ — j ^1 

Jsi ^ iui US ^1 U ^Ua.VI jU U j 



tfillj (W)S) Food oil sensor jl** olb* s ^ Ult 

RAll - Test M&\ 

Jttfii uiUiS >k ja. «jS j»Aia**» ^ ,1 jluaJ j < )XlfrH Tt\St 
tyJ cj* U^ 1 J ^ > O*^ 1 ,i Clu>ll ^ oil Bo-SfcuM J» 9 — *i» 

I'Yitcst — » :UJU- 
Spot -Test jl#&l:U*U, 

.'• ,aJl oi.Ua.Vl ; ^ i> ^IVjII 



rot 



Polymers >slwM jj& :li*i3 

C£L±u& q^ma ^ ^Vo ^.Ic. pclcd , plal *i»>~U I'uttii i 

•cr^ ^ ^J^l 0-^5 <ixu4ill 

cjs^ UfrSJ^ l> jW 5 cy* >JJ ^ i3A~> CSJ^ J) lK-J 

ttjUll A^Hdl Jljd jjpii :bu«l3 
Alkaline contaminant Materials (ACM) 

j»j J^jljxJI ^l^aauilj ACM ObS>« jj*#Jo3j yjjll j JuJbSill 4jJU. jl j *ll 

^ ajuu^J ACM J*-c. ^ tlst* £lS ACM tf yfi,rt ujjjull ji±> 

flJilJj vliLS ^1 oifc J«t j ACM <fuu jjJju dii J*j fjy .ACM -J 

.^Jill <jLd J* vlu jll LkJue AyUMU ACM 



Vitamins 



iiia. *dil3 CjI) ) J i,. i ,< u jImU^I ^u»a. I j„>l"ii ) a ^i^a Cjl j__jS 

o=>sjj Pellagra I j*«Uili vlw-»^ o*- 3 * 1 Scurvy 

*li£iJ ^Juj ^usJl ^jc iUlii^Jl AjIc-VI cjljuwtiiiUl ^ ^ 

^ill cjliuj jlSJI dli Ji, , ,Cib>liiji J) jUiVI ^ Jib Jpji Ui] 3 
•Provitamins _j Jy ^\\ .i j^iii Jp^i 

Coenzymes ^Uj^i CiUsi ^ cjU^»s aliwLuili ^^i, 
jitu US ^liiJl JA*il> ^luUc U^, 1 j 

pll _J s jfc Ju j4>j]i , ^^^Siii ^uu^li ^ 

. jUiyi ^ ^ v*« juai >&i j ^ii ^j'ji 



ray 



Water soluble vitamins fUH oMjili CjUL^IjjB 4o>»$-» 

Ascorbic acid <4h ; yS — JiM — **• ^ £ — J* — ^ > 

(J\ Vitamin 11 1 \u J-**£ j >— S- 1 ciAi-j^li^a <vc j , „, « > « j 

^^ja;; 11 J Vitamin B„» — Thiamin — 

pyridoxin!! ,jj jjuII Vitamin B ( , isj j^tua Riboflavin 
j£ jjli«-*Jl vitamin Bra ttM ut>— •fcy* Niacin Jx-mLuII 
Folaein i>-V jiH ^\ Folic acid 4M' ( 'yanocobalamine 
.Biotin o£x$ pantothenic acid 4^ W a-"*- 

Fat soluble vitamin 0**^ *J*tffl aUj d Sji tl ****** 

j tjj *U4a Reitnol J >juj j—H upi vitamin A " \ " (>-*tyi J*-*&j 

Tocopherols J^jS^ll ^1 vitamin K— a u**^ vitamin I) 

•vitamin K «^i>»tya 

.Ubauill ytig iU «iu jjiH (j-J 

vitamin stability ^U^lifW oi£ 

Siau 3ujtVl fJ&Jul CAiLkwS Cjliwlljill j >*Vl o* 

, yu*u kLp^JA ufcji vjj^iiiu cAi^iiiiii >£fc> lja^ r i — -jyt 

a jl jail IfjJa 

^ailuiUS *^x«iii» oj***-^ O^^a 1 u^f—^ 1 



^ ^ifciwJI CiliwllisJI CjUj (o£) J 

•canning <.-.uU^l Sake, jxita) 3 ^jitVl 
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Vitamin 



Conditions that enhance loss 



Vitamin A Highly variable but significant losses during storage and 
preparation 

Vitamin I) (Stable to normal househld procedures) 

Vitamin li Prying can result in losses of 70«0%, bleaching of Hour 

destroys 100%, other hisses preparation or baking are small 
Vitamin K (Losses not significant due to synthesis by intestinal 

microflora) 

Vitamin C Readily lost by oxidation and/or extraction in many steps 

of food preparation, heal sterizatiou, drying, and cooking 
Thiamin Readily lost by leaching, by removal of thiamin- rich 

fractions from native foods (e.g. Ilcmilling) and by heating; 

losses as great as 75% may occur in meats, and 25-37% in 

bread. 

Riboflavin Readily lost on exposure to light (')()% in milk exposed to 
sunlight for 2 In, 30% free milk exposed to loom light for 
day), hut very stable when stored in daik; small loss (12- 
25%) on heating during cooking. 

Niacin I cached during blanching of vegetables M0%), but very 

stable to cooking. 

Pyridoxine 1-eachcd during food preparation; pasteurization causes 

losses of 67%; roasting of because* losses of about 50% 
Iiiotin (Apparently very stable; limited data) 

Pantothenic Losses of 60% by milling of Hour and of about 30% by 
acid cooking of incut; small losses vegetable preparation 

Potato (Data not available) 

Vitamin l)| 2 Only small losses on irradiation of milk by visible or 
ultraviolet light 



Lund (1088): ja— M 



^ ^UullfiJI jjtfij Uxl\ j>ii 
Bioassay methods i^j^jjla I 

S^Ljjll Jjjft j^lc ^<U*3 ^jII j jxull ^LjS (jjla (jyAuiS (JjJall fti-A j 

Microbiological methods 1&.^j#jJ+»1\ jjkil -41 

•il jaII LfcullliJI (J<a AAul-q (Jjl jjSj3 -IsUjab (^JJiLia m'lt'u tJ-aG (jSu»Jj 

Turbidity Sjl£*il 4j-u jj^S £ ^jjSjJI j*i3l ajjj ^1 a — uLS 
Physicochemical methods ^t*<u£j^l1 Jjkll 5; 

^ <i jjJai\ (j^jL^alol (JL« AajLjiil! ^-aljiJI Aa1«j (j_>Ul siAj 

fluormetric methods V^wjJI (jjjUl - ^ 
(jiu/jjll Soi Spl jS f5 fluorosence ck^jII L£ bj—l* 



Jla* <A£ ji jaII u^lijili jp& ^ fluorometer ,,,,,,,1^ 

Enzymatic methods "^y^\ (jjjWi -Y 
oiuj^lml ^jil Ju &hy« O*-** <^}>-j} f ^*' "■! 

SAuiSl Jc-Uj llUxjil dlujjiuiVl jjixo. « "UjcUi ^ — 9 JJ,\) iuKjIAiJ 

Colorimctric methods jUi j^ji ~r 

oX_A ..Uli »j 

jSofl jpjij V uiV I jl j> ^j— S Jj . « « Lj =>. ya J j In ,j 1c 

•Spectrophotometr 
Chemical titration methods ajjU&Ii i jjUlJI ~* 

^uJbljj CjV^Ijm pl.iiiu.Li pj C^UUoJl oOA ,ji JixjJl Aiaii AjObu 3 (jjulIiS 
'Jd 1 *-* OLA* LP £ l>>^ j^^Sj Jliw .u^ljji 11 i>-S-J 
JcAiu ) lilujjS^iM «•> ■ f J>y*^! J>j~^jj>iS jjtlj V < iy «jjQ 

. ( Jl jftil j aJjuuSl 

Gravimetric methods ^jjli t3^ 1 " ° 

UJjll jU ^^lijill *-iu>ijp ^ift »j — * AaI *j j 

^j, „r« j ju <il 

.Tungslosilicie acid .. s . U .,. i l^ /v . . o . :u\ i 



polarogmphic methods ^1 j^jjV jJl (jj^ 1 ~^ 
j^jil pH _JJ Ujs a^^i uitiijj ^ ^^Jl ■ •(> ,y 0 

Chromatographic methods j*. >3U jjSil ^jUi -v 
o*** 3 * 5 <y HPLC jV^a. fhVul JLq 



Cjl-U.otj.vill J^jJ ^.UJJ (JjJall :(°V)p3j JjJia. 



Method 


Vitamins determined 


HPLC* 


Vitamins A, I), E, and K, riboflavin, thiamin, 
pantothenic acid, niacin, folic acid, vitamin B f „ 
biotin 


TLC b 


Vitamins A, D, E, and K, thiamin, riboflavin, 
vitamin B,„ biotin, vitamin C 


Mass spectroscopy 


Most vitamins 


Radioimraunoassuy 


Folate, vitamin B|i, vitamin D metabolites 


Chemical 
colorimctry 


Vitamins A, D, E, and K 


Microbiological 
assay 


Thiamin, riboflavin, vitamin B fl , vitamin B ]2 , folate, 
pantothenic acid, biotin, niacin. 



a: HPLC, High-performance liquid chromatography, 
b: TLC, Thin-layer chromatography. 



Water soluble vitamins f US J ckj& tylM cA^A^A 
Ascorbic acid t^j^Ji\ Ja-** ji Vitamin C jr c&&$ - t 
Jboll 6_>j <jla bftuySj '^-.ujjSu.Vl 5; ily^bja cs- 4 — 

J ^,1 ^'ijtil j .L-3-keto- Ihrco hcxuronic acid v- lacton 

J cUa^l t> -Ui US Sj=J Sjja-JI Jc bile M jaJI 3 ^UjbiJI L-^UJl 
•jjahSMj « - J S jSjJ jjulljill .iik. J — CjljJJjj — lib JajJj__j 

t^JaLLJl l_UjSll ^JaUJl yj-Jl gt]|j«]| (juij-iaJI iUjIjiJI 

.£ oLobjj] ^UVl jAnoJl ^USlillj CjI jljiJaaJI _>jixSj 

ja^l ^1 Jjjj jjjjiall j ^Ua. jljiSall 0!/UU-*lb £■ Q}-«bja jjIajj 

S.jjjjS^xuI CiUj jj^l jjSIj jl AjJaJlj (jjjbvill JH« (JjUaII J (jj oloiill 

J Jaall (J^jj (ji ^alj .pj*Ja]l jl SjljaJl jl (jj^^wSbU (j*ajxj]l jl 

^Uj! Jttiil J*u» J US Clil jl jjJaill (jJ>JJ %V * J ,g) jj ulSjill 

% co JJ J&dl Uij^l '"J J* J& ^ fii UdJ^I 

Jc. (jj jijJI ^jc JaSa % 1 • Jl J*-9" Ujjj ^ Y Ajs. Je- ^i-dl .lie 
(jjuAiiill .iaa Jj cjIjI jj-oaJI ilibLc ,jl US <\ S J j*. 

.%A « V • Jl (_Uoj <iudj 
fJ jalo A » 1 0 Jl ja, ^ o^lliil Ax- 4 J^ 1 ClUb—lxVI jUf-J j 

^JV J <J* ) • JS1 ^1 ja»i<» • , i ^jJI U_pb J (j^bjsJl JjSJj _>jj*jj 
U^* 43 * J £ U^^£ U- 3 ^ J°' J US £jj — abjall 4 — ^LiS jO ,.„r- ^ lc 

.Scurvy JajjjL-.Vl u^ljai jj^ JJ tfjjj dlajj^l 

Uj^JJ- 2 ^' -bibj Ac.jAa.xi Jo <j| ji».b Jj-olj iAuj jSjjiVI ^pM* j 
^•J*?^ J U£KSJ^I Jji tJjta Jl ^uJsmUJI a AjxkwU 

U^A »U3iJ Jl dlj c5^>-jj V iY cwj-sa ^ ji (j-Jo Kncdiol 
l> ^b^jjji jUaiii J us i jjatfi j s^-sVi c^^Ui j ;ui j_jiVi 

.^.bJI ^11 JLsuj r t Y 0 ^jSll J jj 



JtuS t^AiA ^U Ja— u j j^—i ax — 11 j Dehydroascorbic acid 
^ik ^^sj U^c ^ <JaLij t>>^l ^-^j thydrated hemiketal 

j .iiijjjiu.Vl (j-auksv s^i <~ia ^yj .2,3 diketo gulonic acid 

.JlLftll j>JiuJ| ^Jjl -^jil ^Lij^a. (Jj SjljsJl 4a. 

:(Yr) JSJill ^ US US Maillard browning reactions 



CH,-0H 
HC-OH 



CH,0H 
HC-OH 



CH,OH 
HC-OH 



0 0 
(OH A) 



R-CHO 



N-C-R 
COOH 



CH-R 



CH,-OH 
HC-OH 



ft" 

HO m NH, 



DHA 
H,0 



CH,-0H 
HC-OH 

Lo^q Brown 
k plgnwnti 

HO N 0 

HO-CH 
(U) CHjOH 



^J*2 OJ-^ll <> ^Ij^VI j*J >.,i, >;! lUj 

i-uujjj s^SjjJI ^LojjjVI i-,:.*"-* iM-uiSS/l ■ ■ " ■= > ■ jl ^j.ji^jslVJI 

: cji} W 3 I* jM LSjk £>il 4 £ t>ljtf& jjiij 

Titration method S jjI^aII kLJIoj £ o** 1 ^ 

t>x** jjj U Jjailj SiuoSl cJcLSi jjAj ^ Asu^LjI 0 j* Jlm ju 

c* 4 iSjJ Jjijaj^l JjijajjjiS cffb n,Y 4Juu-a (j^l :AiajaX» 

.^Ul J^jll ^ ^.ijj jjUl ^jSjj ^tfji Jk-^ll 

l> cs^US Jjk* Oa(lU 1 •) '» jW^ pI>-*.J 0~^}J 

( c>~* d- ^ • / 4wjj^.i f lj> ',Yo ) ^j^Vl ,jix^ 

*A*-J L^ja ^ J^lj j^JI JLi^l y^i^ 

*A*~1 SjS t> J. \, ^ S^Lvol r jXJl 

: US 



rvr 



Spcctrophotomctric Ajjjiil £ O** 13 ^ 

l$JJ cJLiaJj i < LlU..iSl lyhM*. J* ) ii^j (^jil hjA .O.D.S 

D., 

^J_yjjL 3jb*JLuiVI £AJ ^Jjjji (J^l "S)J J'^l 0(il jS J ^ J (AjU k^all 

.JjIjaII j£Ji ^^Wj ti'ft'^ ^uj^t AiljSil 

Fluorometric method o^i ciJ^ E 

Cis-dehydro ascorbic acid ^jj^ 1 t^ 3 ^ s^— f^-j 
O-phenylene diamine ca^ u*-k&£ jj> 't&j* is'^ 



•Fluorescent quinoxalime compound a^Ji ^ ^j* 

.(,5 Jjiall *l jaj JUsSJ ^wa'iUklui'j/l Ax- >*j*J j >} ( J — laiu pL^t 

J-»<5 ^Jft ^ \ « « Ajlu ^ jlwui J J ^jJ] i>> J* * Jsii 

Aj jjsjII Aiudl |j4 Ol)S j jaJI J ja. j Jifcl^i jji'iljJ ) lJj j jj i_usla^. 

Y Jib .t.nffill ^ AijSj > ^ i-ul d ^ ( w u*w 3 Ubji aJ LS^, l ; h,, 

Ai& (j j£J a jlcJl a OA ^ ^ ) jlui! Aa jail ^ (JjjLJl J jLmJI ^ J__a 
A»,u.nl jjjU Jjla-« (>> 0 Ajjjil JS ^ <~j\ — Maa •( L~j!}Ij i,.M, l ,,jUfyl 

yij ^ I'luonmeler jl**. fijtf*^ ^ ij-UL? .as j — iji 

Enzymatic mchtod <j.M* £ 0**^ 

jAMjuiSI JLUjjI fJ^J fl.^'luj ^yio (Jj>Wl 0.1... A .Wl , , nil j 

^al!iS]| Jj^oj ^ill J&lijll ,j<» j , I jii* jjlj Y"Y • Aa* J jJa 

.AiuJl ^ - jjS>l jit Aty-i J &| ^ill 5 Y Ajj ^1 

Polarographk* 'M^jjV^jJI jr 0**^ j^aij 

jl ya&\ JilJoS I ^laj iLaiJ] AjJea jft j Aj uLuia. J iii AiL) > ) kll a j At j 

U5>Xa (J-uaji j jhiJAjil Al^uij AjuCLiuaaJl* AJU^jia l^jjl ^C. ^1 ^plo iAljpa-«Jl 

."i r u 5* pi I -Ji ,> 
Vitamin Bi (Thiamin) ( o**^ ) ( v 6**^ 

L^La^Vl i>« JawS ^1 Ac All ji iliUj^jl Jj « V, CjUj j — 1] 

.U]i AujliSlI 



cu 



,CI 



OH 

Oxidized form of dye 
(pink In acid medium) 



0«C — I 

HO-C | 
HO-C 9 _ 

H-C— ' 
HO-6-H 
CH,OH 

Ascorbic acid 




Reduced (leuco) 
form of dye 
(colourloii) 



O-C—, 
O-C 
O-C 
H-C- 
HO-C-H 
CH,OH 



OohydroMcorbic ecid 



rvn 



pjjjjj -pyruvate dehydrogenase ja^jja^s ^tejjx pjjijj 
j — ^IjjjS js — uja ^ j — jj j transkctolasc j — J jj-si _> — j 

j xj^jj^jj a jU.>kjj ^ j il j pliosphokelola.se 

•ketoglutarate dehydrogenase 

1— ilui "t> jjSjulll CjLujj , )/I JaLiu (jiilftijl t jj — «Lull (j^j — ftj i,,„u mj j 

(jialjoi jj$-la tilliS AjjJjuII A^jicJ uJiUajll ^LJiul ,j lUllj 3 

CJ 1 J 22 J 'i5^' J <j+" a * JI J^^ 31 ^ Bed Ben ijjuj j— Jl ck» 

JaLlu JJ^SJ ^-JJj 'fl_»^> ^ ^ (1)4 filbll (jLuu!)U ^W^) JS^jH 

Ajjliill AjUS (jic. el j-mJI ? J L£U» J jal ^Jl Jj ^^jl 

^SJl Jl* JLuljJaJl ^LiicS/l Jijo^ 1 ^^MiSfl fj=JUI *«JSli]l 
iu-jll J CjjIj O^tiall j .A-tLa-j Jl ljJjj lioja. ^jlill ji JiUUl pi I 

strong nuelcophilie reagents ajjSII AaLil jlull jaJU 

jjaloll .O^^ 11 frO" 1 p*-* HvS O'j , "OH |«j «U« 

V*.SM Ji (vJS A^lj, ^11 fd 3 J\ ^ J\ ^L&l J* ^1^1 

.Aili** ijj*- Cjlak>> 



rvv 





Thiamine loss, 


% 


• - 


/.5V 


..MV _ 


Apricols 


2K 




Orange j nice 


0 


kite 


l*eas 


0 


32 


(ireen beans 


24 


92 


Tomato juice 


0 


40 



^^yj p jjjuAjjJI JuiLm tjAjJa. ji A-iJ u#?-j jJyS/' ou«Sl Jjjfl JIw ^jj-Jill 
^ O pjj oib tjxoUill jla ^Silb jj-fc* j -tjiu* 5 CjI j CiLS yt, jJ jSj ,j — 11 

lf U *j>U]l JukJI JuSlill ujI ,1 ^biJl %Yo 

^ aj1>JI U^jJill uLau faJil ,ji %1 * •&)! ao^ 

^ diixj V <ili ^Si US j >1""JI jSII J± % ^ o t ( j rfi> ,, i , „ . l , > Vl j— pJI 
Aju_>Uj (j^ii ^ j ij^^ 1 tyijfe U^Au^ J-* 385 

: JL, Ui tyjWl u-aaJii/riiiochromc ?jj£*£U 
UuJ >j s^SVi ^3 .Thioehrome ^jjSj/ili 5*3 lwA&II a— " 

.jlc i^jSau wiS ^ ^ j jS jjoll j i t 5^SJa«.5 1 _ ff a ( » uiIj jJl AuU_m 

A !>..!« nil AjcJibU 'Ub Aio Uiaxa j a! jj 3 «JJ jjS 



rvA 



&StU (Jj^aii LSj^J^ JjUl J I.Vtfw ^jll djJjJJ>«>jl J>=>-S <— *l — «*J 
Ijiiajjlj £VO tVIO ^ j^, JjL j^lc. (jUaJA^ll SjjuJ (JjjLiS Jj Jj — a£ll 
SAwi Oiillij <J_jk-» ^ ^Jja^ll cSJS^ .^S — i^J -^J— =^ liJ—^Jj 

— - - ■ " r'-w-jA" 11 * i>«LAll jj&>> 

Riboflavin (vitnmin B 2 ) (yv) 0&hij$ Ca^ 

iJJ&la jJJjll o-aaj j .diliu jjill ^jUl}* AjuaLk (jjlixll (J^UAill ObiUo 

glutathione ^jj) JaLAj u-aSa dlliS ^ji^Vl (jiiUaJiM ^£1 jj ts^y-a 
\ ,1 Uojj ^JUI nil! jrljajj -pi j«JI ^1 L£U» cr _i reductase 
jja^ijjjj ^IjajjSj- A. ,> ^Jcl ^ Ja_jj .^Ij , >jU Y,1 

Y ^ Y V (j< Squall LoilJ tjj aljLjsU (j — sujUI £ — Jajll ^ — lc. (JjjVjj_-£ 

/ ^Ijrxjjli* YV (j-n JSI ^LojaJlj 4 i . rtir > 'i* jJdsu pi ja. 

AjLaJiiaj t jjUI JJJ«JJ •^•jJI (ji (JJ/>ljJail AjJUj (J-aSU (jC J -J*J j»lj — a. 

ualillj *jK]lj SAjSII j ^jaJll CiUtt* Sjj^I i^ljljJi*Ul i^y—ill 
CajIjj SjifrbU ajjUII JjIJjJI ii^UU-i Ijiuu iTulj JAJJ-J'j 

tAJJ^ ts*J ^-^J j^J^ O^VjjjjII jj^sj C£*43 

:JL Laa (j^iJjjj Fluorometric method o^^ 1 ^ lA£ 



pll -Jl ^9 j JaJmJaj oili j jjiiull ^ji jl >*3l wauu jj jjjj j4 

J&LuJl J^'' «j£ Jf^ sjt'! ^ 5UU ^ »-iUiaJ ,( 

J* 4j jjjl J& ^Jj wjLiu .Jjoj jjuVI ,>» JS ^1) ( J* \ j 

J^L ,jJ& <i >Asiu t.l* v,jU.a*M wouU^U ^jixw jll Sx£ ij-bi 

^ jjj j**a ^a«L» Y « «-jL^u j » — j { A •*! ) — S ) I j nj . u ylj i £ » ^Lat. ^ 

J (joij jjJc ( C * ) Sftl j«Jl j£j j w wou pi iJuU ,j*AjJi j CLuik* 5 jJufc 

Cil^ksJl jj^iuij 1 >u**jU Aa>* Jji» ij— Jc ,j — mUjJI Jji'JLSyuj-Jl 

Niacin (Nlco(lnnmldr) 4n3>iiJl o-*** ji Oi*-^ 1 6**^ " * 

A> — J jlSai ^Ij ^ja— ii— «t\Ju j£j e j j j — i ■ ■■■l.jill J, 4XJ 

d j>_*-a]i ji nicotiimmidc adnine dinuclcoiidc ( NAD )' 

^Ja^jjoa^J cjUj_>_jV Cncn/ymc 3* 1 •NADP' s > »^> to 

Awljj^&j Jam ^Jc. JjJi ji-Uli ^>-iyj .DohytliogeiiUM' 
j — jJ^jjjS r j,^^ *\ J4I* *N mcthylinicDtianutie 



-r ^jjjj^-i cJ^> «N-methyl 6- pyridonc 3- carboxani 
•N- methyl 4-pyridone 3-carboxyamide jbJ .j^joS 

JuL*^ 1 J o*^ 1 lS-^j tdi^ j-v.ll 5 Lr ~i NAD* 

t-l^jll ) ^ysnW jl^jJIj aLJI Jo Jj^ dua. pellagra I >?^i l>> j*j 

.%V. 

JjilSj (jlij^jjill (j* UljaoU *\ • ^.j ulua, .^u-txll ^ Q u . ilul l J,., :v<n 

(JAj-0 ) (jAulLull dlliili-O CjLljIuLO JJJ*Jj . (j.jMllull jj , 4 fl J,, \\a Ski J 

Jfc 3JVJ ( ^1 <^9 aJ ^^jJjS UJ-^JsH JA^J 1 J^ 1 ur* i>»^ A 3 

•^J^J ("Oty' (J^'j* SjJ'- 0 (j^ 1 j' OH^' s J> l - a ur^ 1 frl )** > '\) ' .. 'm jSjjJI 
tjlcj SjjUiJl ujjj=JI pljAaJl ^ jsJll (_J plSJl JuSJI ^ (jj.nl j ill 
JUI pljxioJl LJ^Ull AjSjjII Ol jl jU»iJl JUJ>M v»>Jl 

^xLall JJU^ll ^Vw.n ^1 jl c^UUJI J iiij L-*£ *~ % ^ 
(3j_Ja]b (jj — uiLull j— j^3j ij_l<u j .%V » Y o Ju-Siil 4j «i J.,-.rtj j 

^ ^ JjjjjjjS tji»*a. J^ia^« l^al] ciUjoj <jjxJl ,j* A ij^ ji.">— J 

AjJtill ^ia JJJ <-r>#d "\ jv>i-w-| Oili J*J £oSjj *\,A pi I 

f?oJ tUSj fjJ*° 'Y f Y ^ ^jjxll joSI j ^ ^ j$ ^Jp 



Difco basal niedium jSip <lu 0 ^-iLj=u vtfA&l ° 

i £ *f i Y ,<S t Y 4 > j • ,0 ^."WJ ( J — « / >-jJ J 

Lactobacillus <~) j jSjaj ^tililill fl? •'tijLuJl CjI jLaJI (jJu tjjle. ^ jjuj 

^a. Jo jJaau ^jLUJl ^liVl *iu J pluiUuruni ATCC 8014 

Pantothenic acid dijjjjjt^l ~ e 
f^Uiw Jau^i j Jiu-Vi 0 uj >li J— obJl C\)cn/ynieA 

v - y pj ji jj s jLiyi ^ * * / jsk. 5 ^>s^q £ » ^ » >=j 

Aja jiSjll wiX»U-*lli jjlli Imwu CjjIj (jJ — *liisll 3 .(Jfti — Si i~J>^ — 
^3 ilsJl Ji-cu US %^ < Jjiill <Jtwi J— uoj j ijUJSfl Cj l> » „ ,, Ul 

t> o^lijill ^>>j » ^— • Lactobacillus arabinosus Lj>J^j 

tay 



Biotin OfiMp-i 

actyl Co A carboxylase <JS « earboxylating enzymes 

li«J s propionyl CoA carboxylase , pyruvate carboxylase 

.JLuAJlJI (jiaLaa»bU ^ 5J3J JA-all ^ I JjO 

£ jUail oiajJl (jiaLu i> S jjjS CilwS J jlu oji a j\ — wVli >-J-la. > 

r * « \ 0 « ^JLlJI t^ai ^ aj ojjJI cjUU_-1xVI ^Juu-j » .Avidia 

JaflJJ J# 0 J* Sj.i"-* 3 CJ^ 0 tj* W^' J — >— > J A** 
Jtii. % ^ 0 ^ « ^ ^) tjjj 5JJI ^ J&all i J — uoj j .CAifj j j — ill 

JjjUb jii jjaII j J.iiU j — SLoJj .o j „jol ^ — $J£L»]I Ol jl j — iJaixll 

Lactobacillus 0 > >., a^ L>-j£j p hVi ,. L £ ^ , ;__Su*ll 

t> AnLui Y £ j_ju ^ — jjjIuJi jo.<„ \\ ; jl — SjJI j arabiuonsus 

Folic acid djJ>Ul o^*** -i 

u^j^. ^ tetrahydrofolale cjVjsjjaia >-jj cjUj — jl« ; u m \ 

cJakl^ (JjJjSiJl CjIj^j cJ*jj kjill ^-4j)£iU j&l*** JU^ 1 ^j*^ 
^j]| 1£sU. ^ lilil^all (ji*** ^ t^aiuli jj^Sjjj .^ilii^Jl SJuu&Vl Ci-l&lti 

f .ill f ^ 4}J jill 

vSLl^ill { Jom>. 3a. ^1 j .fl j — aJ^ ♦ ,A » , £ ,jJU— II o«aa — ill — « jJl 



.Ol j! j»iaJI Uo£ ja Sj>-aJ ^JJ Uiu ^11 ,J SjaJl Sj^-all j^-Sft 

,3UI ^U«u jh,V Mjft o^-^ J u-lj SjL-iVI j-^j 

liJ&J pl.ii3»jAj Aa=v ji jJJjjIlJI cJJ^W 4^ U^"*" J*^ f^J 

oV>5l jjj^ 3 i^nrtVu oUij_j] f hVi m b Lactobacillus casei 

Vitamin B i2 (cyanocobalamin) 

Ijtl j L.Lactis Uj& i> n i A fie u <_j i>tua J> 

% ^ V ^aaj ^jill i JImuj (> %A JaSa jmj ^LiliJl ji US bjla 

^ J^jiai J^jll i pH -» fflj t> u-a 

■ ". Ur.J l jjli JUIUj oioliiil j-iUa* 4\\ 1* — uiiVlj 

jjUb ^ <>»^ jxft (J-S^uj -Oj-^MI <j->U_^Vl ^5—1=- 

.Lactobacillus Leichmannil 9797 ja ^^wll ^jj^ 1 j 



rAi 



CONH, 



. Nltotlnamlda (Niacin) 
o 

HnAnH 



OH 

' l-Ascorfalc Add (Vitamin C) h.c'^NkSj'^o 



UN NH 

"tfe 



Blotln 




Riboflavin (VIUmlnB J 



ho^JL^ch.oh «nh, 
H ' C '^ N Pyridoxins (Pyridoxal, Vitamin B,) WK~S 



OH 1 



H ^COOH 

Pantothenic Add 

NH. , Thiamin* (VtUrtlnft,! 



H.NOC 




'V-CQNH. 



FollcAtld 



Cyamxobalamln (Vitamin B„) 
H 

H,N yNv. • 



>H HO H 

Tetrahydro Folate 



Water-Soluble Vitsmlnr 



Fat Soluble Vitamins ajAdl J ^iij aUM dLi^ii iil lUjJti 
Vitamin A (Rctinol) ( J^jll ) i 

(Jaxj jll CjLjjj jjISJI Jc. -Luliill AjicS/l lS j"'^*' j t(j.^jjM jliuua (^jUI 

Clil jljjJaiJl J Olijj 3 jlSSl Aa.^jj .Pj'OVitiUllin A ^I'uftll CjI^Ij o& 

j*cjLudl J J>=»-il J Aa>.jJ ^j^i t^jflj^ll jjJaiJlj p I jL-ojl _j el J — uaiJl 

(_>*4£J JliS jJl JL» ijSUll J ^ US fJaUail Jiliil .»< fll 
CAjtMua iluij V$J5 j i ( Jj — Ci.il j 4 S,j c. ^Sk,j_Jjj .(JjLj jj jjlS 

Cj\ ^aI AjlijjJUj B carotene c£ jj^ ^w 31 jwj /' jj^jI 

k^.m'iS/l tj* .laJ _j j»l jsk. (J£l L«l ja. jjSj* Y ° * -jjSII J I jwl'ifl l5 

ij-o ^ • « JSJ L«l ja. jjSjM Y £ ^ ° Jai jjj^llull J . jSj5 j jjjuj 
tjjjiallj ^__ui-fi£lll Cj5UU-» j .£x*\jp\\ oaaj Jo 1 — 

1 oJ-^lii jJ_i*Jj %i • ° i>>^' cffij LS^-J J 

J^mI L^lilSjl jl US tjja.^Vl <jjj^ll C^UUaSI .JjJa Uunj 

jio cilli Slcl uj>j <jli lil j h^J j <A*1\ SJ j=JI j plj^Jlj Ajjl l 

High Performance Chromatography *aj>- ^ >-ii*jj 

Jo gJlii J«j Jllj J^ai (HPLC) liquid 



f»J jSj^j ijyJac. c-ijik* -Usual _jj i <jA<Al>a (jniViun 3j jxii liCcltioil 

•Silica column i ^^L-b HPLC jfo. ^ j^j 
^jjjiljjj J _>k-« t, i >>ii ^— j clhanolic pyrogal L5 -JS>a^!l 

.ISLiLall Uu* ^ £,0 x ^ o Column J>wdl 
. J^jljjjj^l j ljUja mobile phase u«S ^jakU Jaui^ll 

l^uIJj s jj^Ij £ ,0 jjiij jij cis bjy^R Retention time -Jl 

.^Laj o,y trans 

_ — - ( J* / fil^fi. ) J>»iiiji ji 

(ji I UJ^liji JJa^ (>aUJl ^1 j_Aj2UjjSil (JJj-Ja <j~£*J j 

jsiSjj ujUs. .^LLull 4U»J ^I.^.Aj Uia^ S,o - Rt eis 

Vitamin I) J^liji-Y 

1^4*1 0 jy*a 0 ^ ^swjjj Calciferol J jjiudlSJL Liu! ijAxaj, j 

Cholecalcifcrol J j>uul^ J ^5-— Vitamin D 3 r j lW— *^ 



rAY 



pu LgiSl j 7- dehydro cholesterol ^ Sc. 3 j> miLl I &>— a 
VitarainD 2 r-> <j;>t Sjj^ ^ US .Provitamin D 3 

. Jjjs^ jVI (> ljj&J J* J ergocalciferol Jjjiu^lSj^jS/ I J 

<Jj»s Provitamins J ohM* cs-^ 1 

. c usii j p u«ji yi 

^^jj JaUJu jj^Su ^iS j U j^bll ^ 25-cholecalci ferol Jjj ij » »jft S 

O-ojij <SU. f-jjjVI -UAi Jkjtf ^ fJ*«B C5J-^I jrfU-«jiS 

t>^i jwj -o^ 1 J*** ^W^- £M e^ 51 

^ ^jj^l jj^W J ui-^ jj^ii a^-^Vl lA-^ 

^ J jiill ^ jUWI J ^3dJ 'OJ-M l> ^> . ^ . ^ j 

^ . iibj SjSil J 0^ i> ^ 

Vitamin E —A L^-r 
a tocopherols LJll Jj>^j£jSJW 

13b «UU. ;liu i lid jj^. t#J V* ^J^J Tocol JjSiill ^Sj-^ 0— 
JiSVl a tocopherols lSjj^/jA^I Sj^ 1 J^J 'Jjj^j^ii 

VAA 



lafifl CiLuaILj Ajjj^miVl j liLjfluiII L>is — aa, Jj — a* 3 J JS — a*. j . v .. il j 
. fjsA'xM \X\y I j^juauo (jjiia-Sl 'Lualskj <Lulfi!il t - J ^j^' j,,.u»''i j 

^ (joi jui?>,o oSa jjij (jjj^jj 15^'^' — — ^ cS^V-'j 

^J) ill jjjll j^Jiill CiULac J US tijJjfw 'iJ-al oAoa^ll {-til j 
dujjl ^ tjo^liiiil (j-a Amm J uaj 3 % ^ ^ 3i m'n ,j\ , nV'utll J_JiS 

L s>_yij cjV 3>~j3,,sS jUi j-_jiu .(n . ) J 5 X^ .%VV ^1 

" Clli C'H, t'H» 

TdcoI r=i ijc:-c 'i ij-n ij-ni-ci i : -ai : -n i.-ni-n 1 .-( -i 1 .-( :i i r c 'i w 1 1 . 

Tocotricnol CI I, ClU C'lh 

RaHjC-nii-CHsCVC^IrCHi-CH^'-t'lIj-C '» *I I=C :i I , 

Substitution Tocopherols (T) TmvtrU'iutls (T-J) 
5,7,8-Trimethyl «-T tt-T-3 
5,8-Himcthyl (\-T |VT-3 
7,8-IMmcihyl y-T y-Y»3 

K-Mclhyl 8-T fi-T-3 
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OH 

Sunllowor 
lVumit 

Soya 

Coltonsml 
Cm n 
Olive 
I'alnuiawl 
WIkmi germ 
Aluuiiul 
Apricot kernel 
lVucli kernel 
Cocoa luitter 
l»;ilm ml. iimUIU' 
luulion 

SI um I .il Mem in, . 

Vitamin K do^^ * 

naphthtH|uiiw>iio j »i»&ljati CiUi*l* j& » ;L& K u^tui ^ 

jjssli ^ jxtliiiii J^jj j *LU ^ktiaj jjli j derivatives 





Tocopherol total 


I jOSS 


Oil before dccn IVvinii 


K2 




Altor deep frying 


73 


1 1 


Oil oxlruclcd from polulo chips 


7.1 




imnicd-iiitely ul'lcr production 






Afh*r ^ \vi»L»L*i iitfirMiti* jit rnnivi 


.V) 


•IS 








A flop 1 month *;lnr;uM* Ml rtinni 


22 


71 


ttininiM'atiirL 1 

Willi '%>'■ »»" VI 1 %» 






AI'tL"!' ^ nmnl.li skiriiuL 1 ul mom 


17 


77 


temperature 






After 1 muiitli kepi ill - 1 2°C ' 


28 


i\\ 


After 2 months kept at -12V 


24 


(iK 


Oil extracted from French fries 


7H 




immed-iately after production 






Alter 1 month kept at -12V 


25 
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After 2 months kept at -12V 


20 


74 



Hclit/. ami tirosch ( 1 W . 



CAI^ntil jj^ lift ya&SjA liljUcVI 



V^Lkluol ^ Ajiy^xA CjLuUI ^"1,1*1 D , E , A ujb>liia j 

o*£UIJ pli-Ji Antioxidants S-i-uiSlI obL_j~. yL-^J -£ 

.oUutuill 6iA djU ^sc. j JLuitLuaJ Ijla D , E , A dib>llia 



( iljj^ill .iiuiSi ^15 jUu UoU-o ) ^UL^I A^i&Vl <-JU LJ — i -i 

u u »a> . jl %*\ lib j jJjui ^allw ^ un aa. ^ J* t . i <Y„. jJ^Jlj u.u»>,) 

-Photometric methods ^ji^^l (j»>Wl 

u ua*>UluiVI JJU J] %A oLii (j^oa. A&lJa\ Jjaiy lil j JyJbJl (ja fi\i 

. Jllil ^UsJI LijUwliill JUU J Sju-£| Jtstal o^V 1 
3JU J US JeliSlI J JiiJCy V JS* CajjjSJI a^-Sl Jtj jL-c. j ■>%,! 

(Jin! ^l1a!I LjiajLA j\\ AjL j\ai £T (JJ *\jjS jii .V'iC uiL) j jj |j.'(0,<iav 



Ash and Minerals in Foods 



!jA UUi AjlLi, gcJ**aJ i'i^i 3jj*ll ^ Xi j<,<ax)l o^L. .oil o.> , , m^l ji 

jJJ <uliUII jA-alAxll eJW> fuJj dua. MiflCTIilS 

jji—jj^ill Calcium ^ a}_*JlSll iuj ^.-,>,<iU& • ■ ^ 

Chloride jjJSJl Potassium f$j-Aj,Ji Phosphorus 
•Magnesium j» jj«ie.U Sodium p *p >*-*»Ji 

t^iU-ill Zink likjll Iron Aj^ 1 cJ*«j >— ^Uc -Y 
•fj^j* Iodine j^j Manganese jjj^-j* cuppor 

lU&j uiSQajll ^ ^ j j^j p^ Hsscnliul elements v*LJ 
pjpjlill ajj^ISJIj ciLjlSJl j^i^uli ^jii ^uji x-jjoJl 

jj^ cii V o-J non-essenfial elcmeits l&Aj jj& j^Aia 

:A_}it*H o-aJUxUl .ill jj) ^ USUjI.j 

■ OUty! fuaoJ UlA^I j j^sUxll ^ ^,iiiJ| A-uiJI - \ 



no 



^uiLiiA J] ^ill |»jauJK3I ^.aftj Jlo ^uiajl J Vv> ft j| 

.Ajic-SM pi jS J AjilJaj osajLuaa. l$J <JJ^<J| j^UjJI -O 

JjSj U I jij Jl ^ AajIUI ^lic-Vl Ujis^ J jSilb J— J^j 
Jc. tSjfckj Ajuoli. 4<L<aj Ajiill jjA-iSl j djjjjll J La£ {% » ,0 j^a J— jSI 
^>_jai3l iJjiaJ Lujj cAji.ijw j>rfi l j o Jc. t5_>iaj V .39 j Q^iaJ * J—jSjj 
• LjJajJl (Jjjll J& %n ,1 Jl Jjl^j ^ijj^, JjSjj J& 

%4&ifl i%Y , ^ . ,o ^ l^ja jUjII ^jljlja ^Ufol Uiu %£ t 

JJ J^i 4iiauJI 3^14)1 - % 1 ,1 «,Y (Jjj U U JL^j ciiljl jjJxsJI j 

juji ^ ^jjj %y,£ ,,r ^ uj^ij - %r,o y,* 

fj^JJlj cjL j %r,£ . ,A Jc IfriUnnj djlj uoU ^j". 

.%Y,r . ,V Jc ajj^JI *jjfcSM j ,>ljJllj 

J t_S jj£J| -LujxjiII ji.,al rt j| jj£j3j t5 ^ ) (Jj-^ £jj "-ia jJj 

J Ajjjji^I j.ol.'njl (*\Y) JjJtx £jJa jJ US tlftjU"l U j 3 jocVl 

Yli (Jjj Lo £las\\ (JaJa Aic. JAftll i_luu Loiu £ » (jjj La diLj_£llj 

j^Ur- J %A*\ "^A jjjij Uj ^jjli'iuull jjuoicl %^ 1 t>Jj^aJl 9 % 

jl j3j jjVl MJ'- 23 <c-Lu-a J j t jjiaj-JI j (JjLjSJI j (jAai Si j t£iij II 

• %V<3 Y1 tjjij U jJuaLuJl ei* J iiall i-bAi 
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48 


157 


PO 


0.046 




.11 141 JUL II 




5^ 


3 1 

.1 1 


0 OK 


1 5 


"Riil (pi* 

XJULLCl 




1 A 
111 






1 1 


CIippcp 












Emmantal (45% fart 


450 




1 ,020 


0 u 


W..H) 


<" l nmpmhprt' (fXXQh fiM 

V^tllUL-iHUCI L ^UVJ /0 IcllJ 




1 M5 


HUM 


U.JO 


1 in 

.mi 








fiflO 
IH/w 


0 17 


S4n 
.1411 


Percys 












fMipilrpn ^crcy vr\llf 
\.>iii>i&gli Cgi; yuiR. 




1 


14/1 


7 7 


son 


Chiptpn pch> wliifp 


170 


154 


I t 
1 1 


f) 7 




A/Tpnt Jinri f'icih 

J,YJLGCIL tlllU LI OH 












TCepf u/hnlf* rnrpjws Ipnn 


»>o 


^47 




1 ft 


1 /U 




1 17 


ViO 






Tin 


Eel 


VJiJ 


017 


17 
i / 


W.Vi 


71 1 


VrfWt vUtO UHU wWI well IJIUUUwlo 












^Vhent wholp Irprnpl 
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Wheat flour tvne 405 
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1 S 
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Wheat flour tvne 550 


1 0 


1 teU 




1 i 


US 

V.J 


Wheat germ 
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837 


69 


8.1 


1.100 


Wheat gluten 
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1.390 


43 


3.6 


1.240 


Rye, whole kernel 


40 


530 


64 
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Rye flour, type 997 
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240 


31 


2.2 




Corn, whole kernel 
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330 


25 
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Corn flakes 


915 


139 


13 


2.0 


59 


Oat flakes 
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335 


54 


4.6 


391 


Rice, unpolished 


10 


150 


23 


2.6 


325 


Rice, polished 
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103 
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0.6 


120 
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Food product Na K ('« Fe !» 



Vegetables and liuits 
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2.0 
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Kale 
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1.0 
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I'OtUllltfS 
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44.1 


').5 
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F lead lettuce 
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224 


.17 
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Lentils, dried 
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ft.« 
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Ciirrols 
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UrussoLs s|it'iiui 
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41 1 
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Spinach 
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6.1.1 


I2(i 


4. 1 
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Tomato 
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0.5 
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While cabbage 
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4d 


0.5 


28 


Apple. 
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0.48 
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Orange 


1.4 


177 


42 


0.4 
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Apricots 
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278 
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0.65 
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Strawberry 
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147 


26 
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o.:i4 
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Rose hips 
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2«l 


257 




258 


t'uiruntsMvd 
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2.18 
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0.Q1 
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Cuirantvhlack 
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114 
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0.44 
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Sen buckthorn 
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Belli/, and (irosch (I WW) : » 



Element 


Content 


11 A 1 

Intake 




(mg/kg body weight) 


(nig/day) 


lissential 






Ho 


<><) 


15 
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37 
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An 


33 
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Si 


14 


33 


Chi 


1.5 


3.2 


B 


0.7 


1.34.3 
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0.3 


0.02 


As 


0.3 


0.020.03 


Se 


0.2 


0.07 


Mn 


0.2 


2-4K 
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0.2 
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Ni 


0.1 


0,1 


Md 
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Or 
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0.005 0.2 


Co 


0.02 


0.00241.1 


Nonessential 






Rb 


4.6 


1 2 


Ur 


2.y 


7-5 


Al 


0." 


5-35 


Ua 
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1.3 


Sn 
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Ti 


0.1 
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Au 
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Sb 
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To 


0.1 


0.2 


Li 


0.03 


2.0 
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0.02 
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Belti/, and CJrosch ( I W«» : 



Footf //cm Percent Ash 

(»><■'/ weight basis) 

Cereals, bread, and pasta 

Rice, brown, long-grain, raw 1 .5 

Corn meal, whole-grain, yellow 1 . 1 

Hominy, canned, while 0.9 

White rice, long-grain, regular, raw, enriched 0.6 

Wheat flour, whole-grain 1 .(> 

Macaroni, dry, enriched 0.7 

Rye bread 2.5 
Dairy products 

Milk, whole, fluid 0.7 

Evaporated milk, whole I ,(> 

Butter, with salt 2. 1 

Cream, fluid, half and half 0.7 

Margarine, hard, regular, soybean 2.0 

Yogurt, plain, low fat 0.7 

Fruits and vegetables 

Apples, raw, with skin 0.3 

Banans, raw 0.N 

Cherries, sweet, raw 0.5 

Raisins 1.8 

Potatoes, raw, skin I. ft 

Tomatoes, red, ripe, raw 0.4 

Meat, poultry, and fish 

Eggs, whole, raw, fresh [).*) 

Fish fillet, battered or breaded, and fried 2.5 

Prok, fresh, leg (ham) whole, raw ().<; 

Hamburger, regular, single palty, plain 1.7 

Chicken, broilers or fryers, breast meal only, raw 1 .0 

Beef, chuck, arm pot roast, raw 0.4 
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jUjii iift i^sipIja u^i^ii dijUaV! 

jliu i_ia jjj j 'iAc Aiuuaj ujUI ja. ^ • Y jjj — J 

.AjjJLxjJI 

.Distilled cleionized wilier ojLjjj'VI 

jhjJsj £_« uy J'i^All (J^ 5 ^' «Luli*Jl l «;»>") k-J 

cjblajl (jj>SI ^jd-J jjio jU^I wjLuo. (jS-oJ (jJ*. 1$j9 3jjJU_>ll 

Cl } jjxLJ j'l OLujll V-i ^j.^ 1 

i yn t A\ } \ Cujll ( j^»'3lia«iL» ^-=jj liJj t^yJ^dJI ij^pJl ; ^io& {Lu$ Jjlai 

^iiaJw »jl>X A^jJ ^OJuoll i3j»JI frl J — 3kJ (J— ^aSJ I — tljj 4 

.AjjjJI JUiil ^^il ill flOauOj ^ 

.^jaJl Jic ^Jl j-UGil A^jJ JJ33J } SJJa > 
^ ^J^l JjaJl ^l—JU JU >JI v-AiL >JJ (^-S^ -A 



t.A 



<£ju {u^h jjill ^4 ^jaJl Sjj.«Vu ^J^ ^ cff— 5 -< * 

. .l^bji^ *3 jjll jja. sio! ^ ashless jll ^ 

0 « — V » (jaj La LLjui jia ^LxjOjuiaSI AiijjJI (ji |J» I aL — ^ • 

. jjjJI (Jib jj^l ^LiLoc. eltil Ljia J* >» >Jaii Vj JSlall 

j^ic. cjLua.jlljJI j (_>oL*a.bU ^ajli» ^ j Quartz ciiiciblcs j-jljjSil 
yja. (Ja=jj ^ j Vyrex Gooch jj j caJUJI s J jaJI cjL_a,j^ 
jJI <u& ^ j porcilin aAj^ jjJI ojI jj i.k_ia fo , , 

A-ajlla ^ j Steel crucibles ajLoJI $1 jj_JI ^> j_ j \ — «S *sj j__=JI 

(Jlull j f J^jjSlI ti (> jS IjjSij Obj—lall j (_>iil 4^.bU 

(jiujjll ^I^LW>U UpSJj g&jjA g-i (Ju>al ,> j platininm 

t> JJlo ,ji jll jjJsSj Jug 
JLajSI t> i .W i ^j La-a 4jLa (jjj^j j ^Lajll jUj^ajl 

jji^jill CjUS^ j^&j Au-ISi ^1 CjU jjj-SJ! JjaA-JS x-i -jr 

.dliuijillj 



.AjaL-. ^ j (Jjjl jJl jjj ji jajl Ajjla , 

:AjjVI J»l j*A1 Uuj AjJ£. s iM .ib, Ajl^u * ujjS ^ >, jdiaj j 

.AjJlidl 'i^Ull Ax-uJa ^ 

I iJa^j Jj >a.ll -uLc wj i jlaj Aj-aU* ,J*I tf. Y 

.•Ouajl V) j ,>'i Jj jJL I 
, ,j I^jjS ,j jjfcj ^jUll Aii jjJl "UjuL «_j 

•J j*^ i ji a*. • »■ 

Ajc. jil Uii l^jjj Ui iJiliij AjjI jjJl jl jaII jti VJu\ — j Sj \ «S j 

\j£ jjj ^JIjIU j * ^olUil (jjlj Aj**i j l^-uS jj Alii ill SaiJjoJl j ...nUwll 

jU J ji WJI j jJUill j* J AjjliiJI O^Ull £ jj ^jic .iUj-JI Aj, j_Jii j A yt, 

^pMu j l j , ' . )L> ,. 'u < i ) j» jaJJl .lU ; Ui i j;ulj]l o )-Js Clil jl j,.....*Jfxa,..U j a£I j ill 

Jja jl -l-« ji' *Sf)^ JJJ JJJ^iM ^pJoAit. Aji JaJ Ajjlixll ojfaJl 
jli dliS vliljjj j£ ^jJ] ^ jsAj Jjsjj ^1 j >4wll«Jl i ^JjJb^l j Olj^-J 1 

ijjjjl ji ^Aa.i ji LjU j ji jjlll jl£ *lj*« jjill ijuiUj £w» JjjjS 

jiSlI UI }X^> Jt ^1 Ja AjjiiiJi o^UJl ^ y i -> < >-jxj - ^ 
AAiill jjJd jLt^l j* AjjIiiJl 0 - yv*j» jjiC j — « jYl ij -Y 

.1*1 AjlliJJI 



^ J cjjcUII y^LJl JjWI ialli_S >JaWl 

■ <Jj,mi->,II CjIJluaS Jjuobxj Ajjc-Vl i^ii UuiS -A 

(j ia nJ 

.pliill jaljS jjId Jj£j & 

(JjJ ^Jj^juJl j^aLiatllj jLojll <J — uij £)\ 3 j_SjJb j—J^Xj 

.-LliAiall (Jj>ljxJl —UJ 

. jL^aaJI Jue 3jc| jjB JjLuaU^JJ g^tajll — ft 

.^liiJI £JXuau]l illiUU-* j 



in 



Alkalinity of ash JUjJI kj£ 

CiljJajUlj malates CjVUI j citrates d\ >J ^la L_ijj_*-J 

.cjUjjjS jjjSj Trataratcs 

LP-"yj *U i-sLiu .Hcl iil}jJjiSjja}A £ • ,\ J j) Ufl 
JaLo JJj plJiluilj ^jjjj^a AiijSjjaii £ . , \ Jj_L^ 31. ... I jj J II 

•^JJAJ 1 £ O d CjI JliiU jau i-« jll <jjla (jo jjxjj .g—Jl j J 

^ *jifeVl ^ JSB oUjB jpfcl jjL ^jj Jib* j 

•Dry ashing UUJI (jjjaJI - 

..wet ashing u-iLjll jjaJl - 

Low temperature ^LbLLLJl sjj=J Jj_^JI - 

•plasma ashing 

•Micro wave ashing ^jyjjjliJb ^jaJl - 

Dry ashing uibJI jjaJI 

(jlc Muffle furnace (jjaJI uj* d*^ ^ Jj*. 

Laiu tSjbUl jIjaJIj <jjJajll liua ab » « ©Y 0 ^, 4 

Oxides ^u^*-«JI _>^sU«JI d 

Chlorides ol jjjjIS Phosphates iiAi* Sulfates ^bjj£ j 

•Silicates CjISjLu 

n Y 



pi ASjjJ ^ AiUJI *j5liill AiuJl (> <^UI j_a> ^ . O 

. jjL L_^l Jft (jiiiJl Jj^l *jL»e U^ 1 cSJ^i 

o\o Jc. nuffle furnace cjj^ 1 ljj* ls* (j^ 1 t- 3 ~ Y 

Ojill ^ia f>Je jjcl jjj «jjaSl £jil ^ ^ X « ^ all Jj— j -V 
.AjxqS ^ Jiaaj jUjII jjILj V ^3* u*Ui Jj$ 

iIjLLul! l-^'fl *" jj^ljkj l. \k-\A Slki-o IxJJjjj <jfi\ji 11 <Jai_J ~~ i 

.^luiaJl jl jji^ll Jc (Jjjll 

Jj^L US jlajll AJjuU l_lui=J -O 

5iUJ| SjUI J*U- x U^jll ojj 

^ , . -f AjL-JI Jl jaII <jjaij = *iLJ SJlUll lUU-« 

Wet ashing :U3li 

J-al jc jl (jiaLaj ^.laajJj 3jj.ua.tJI CjUSjaJI * \ ■ ,.<i j <j_J j 

cajj^II j^UJI i_j|jQ ^ L^jIS ji Oxidizing agents sau£>* 
Wet oxidation or digestion i-iL jl! J s^SVli 3ijjkll t>i_A 

. ^.la-all ^djoull 

jj^u,, ^ail^y Uiu tAjjxiuJl Jljjl 3 — L»LS j 5juj_jl*i S,1 uiSl u laaj V 
J fj^jjll ^ JJ&J 4iJJ^J^I J 4Ao^l (jia— o» £— « 4iJ ^ 



Y £ cUi S Jia Juj HNO3 4iJ^ J* \ • Uil^y ~V 

.(J^J Cluj cs Jc Ajjxll lil ^oLuu 
fJ HC.IO4 ^4jjJ >\S jjj tjiiAa,. %1 • t> J* T uil usu -V 

tjiiASk lAjajl .i&LuaJ (jlis. ^UliJl j jj^Mi'lli AjLctO ,j 9 j*"' — £ 

,<ilx]| I jUi> ^^C- ol&l JA £A .(J^Ul <AjAC 

l>> *VJ-«£ J^J <&Luill ^-WO J««J Jjju ( _ 5 Ja k (jjjl Sill lilj—JJ —° 

distilled deionized water tiib ^\ ^ JUJI _ > U A ]| 
Low temperature plasma ashing 

<i^aj3 3jLjUl sift till JJa* (Jai jl O » <^Vum,«\I Sjlj ^Jl 

.C-ilaJl tJjaJI ij^)^ ^JjIaaILj j>rf->l'mll jjLLj 

Microwave ashing t-Ljjji^b jjaJl :U^!j 



£\i 



»uii J ckS^ Jrftaa j^j chs& tWM JUjii jjjfc 
Soluble and insoluble ash in water 

'.Ju U}3 jjAJI Aljjia (j-aiJjJ j .(j-liaJI J Jto^l 
jUjJl J^Sjj ^Ujll Jjj j^a *jj*ll jja, ^j^j 

.ASjjJl j^IJ jJaia jiU Jo ^ » L_Lial — Y 

.dil iic. j^U jiji-i *.Lu ^ui jill <jjj (J*^ ^ ashless 

Jol ^ (i) ij^L Ji jll Uto. jl jll 4 j ,, n 

Insoluble ash in acid c£U*Vl J abjiU <Jjlill j^ jUjll 

lljl jl j^aillj <$£U11 t5 aJ aj J| dl jlill jpSS Aiij J_J^B1I li_A j 

oWjill ^1 j^ CjISjjU, jUl OjSi U Lille. j jjVl j ^ aill j 

• HBr i4l*jjj1I (jitt |,ic. Lojj jj^U^Vl 

t( 33laj o s^l ^ »LS ^ o^jiil Jjlill j£ jL jll j JSU 



Mo 



*Uj <il j* Sjc *5jj]| JoJuj jUjII t> JU. ^uijj Jjj ^Jc ^ijj <> 5 

UJJi V ' l^Ujia-* J (JjaJl ^l*J fJ H>lut 

J=Hd ^ j^J* «4»Jui cH 3 ^ ti* ^ tJLiu (3_>aJl elfL-Jl -V 

.ASA} ^ cs s^u] L>iuu«j £^ liLjjlSjjjuA 

^ ♦ » (_5 jUx* (jjj^ ^ ^ * • fSj ojj JiLi. ~° 

AljjlSjjAlA — «I Jj — lmSjjJjA % \ • Jj — la-a t j — 4 (J — a ^ 

.irjSjB i>*uu ciljjj pj Hydroxyhimin hydrochloride 
>ix>-«) Buffer acetate cAiiJ ^Jii» J^k^ i> J- ° <-i^I -v 

JJjJ ^ji cLa Y • ^ji ^jjj^o C^Sli. f'j?- A|Y* L) — * 

jj Jjl % • , \ J^la-« (j^ J* ^ (jjil JjJa«o i-iUiS jA_j=k (-iLJaJ — A 



.ijiu_jjU o ^ » JjJa ^ 

:jj^JJ (j-^LuJl i^'iVull lUc 
(jix^W J- Y . ^ ^ ^ j-^ O-^ H>"^ 

^ . «o tY iiL (JjUI ^ImVI Jjla-Jl (> ^'j^JJ J ~ Y 
^ ^jU-, (jjjj J- £o ifo iV« <Yo ,Y. 

jJaLal l j-UJU Aa^UJl jjij cJ^J J - Via . ) j 
^Wi* ^ JuaaJj till JjS Jill O.D. cj-aU-olflVI fJ3 £SjJ -£ 

Ajjla-a dl jaAj Nad (JS {_>-a ^» jjj j*«al! AlJ^K £C — L J—J^SJ 0— ^) 

Uijc jjSS JgIsjII li* JjUuII ALiijj tA-Jaill aJLJ jj JjjjKII cJjjV 

^ SJja. ujU jjjSII JiJjj ^i^i t ^l-u ^ja. tiUft 
: <j^ Ui ^LJI jjjSU Mohr JA y* Aij ^ t^ocJjj j 

tw 



I^yij LaS AjJaall Clsljij Jjia^a — V 

Jjla-« (JjjASI CjUjkx* J«iU^j j»jJ — "AjjJ CjUjj_£ 

CJ Jjj ^ac* ^«u«Jj c5 J^*-N 6 J^Jj Ji-^ ^J*W ^UJoall tUj-JJ 

cjjla*« ^Jao^ (Jiuj AjJaill OljpU <Ua uiljJ ii! — Ijj ^jJ uiljjJI 

= ^Uaail till Jij ^jjljC 



I'll X plj=JW l) j J 

Volhard titration ^J>aM jjJM 

ujliaJl ^ J3UJ fJ ?J}±y~a ^J*J& %° l> ts^ 

^.Uai UsL} ^ Hot plate Jc lA"* 



JjU. -< 

J^lc. .liLiJij (jg jlac ^ Y Jjk-a ^ LJ — 1L» 0 i_i — ~~° 

CjLiUjoijJLj (Ja £ » ,^ JjLxa aJo — utijj 4 — Jaiil j — « S-iLjj — J' 

(_> ^jiU X ijulal fii Cjljai Jjl»-« <>> (jylU 0 » i " J— i 

^ 4,ji}j g- i o ,Fe NH 4 (S0 4 ) 12ll 2 0 Jbb 

iji US AjjjiSJl j£jj v^l -V 

£4 Sj^UaII £J^>J <^&3 lAljAtfW AjJa&Sl Clil ^.-v t.,,„v. 

.1 ^Sj S jki. jjiSil 4j-ball CjI^u f,>*y ^ CjUUm jjlill 

j^ISLj £ * i \ -Ijuiai ciil Jjj J_jLu« Cf 1U ^ J — S J [jul ml ^ ic j 

AawJl ,^3 ^IjauLlb Jjj^yiSlI ^LaS ujLuo. (JSaj Jlijj IS ^ j,,.a>.U V,0tl 

jjjic Oajjo -Luj] ^JJ^ ^Jjl^iil dlUutS! (jS Jjiuijill j jJsSj l>— S-«J 

phosphomolybdo dl^li jjuJ ja jL* $a uaS j__a j^J 

OscJjj j .IiaS j^jill jpsj 0—^) ur- ( j ,. . , ia >. u (J — «j VlUUltlulC 

:Jj U^&jjUl 

<U> ^yJc AjjjJI JjaJ jsi 4JJJJ (ji Ajjlit flja* Y x Ja 

*\ Jjlsw* (j* (jJIa 0 t , j , ' n l j Jjj ttllU\ ui 1 *] p\ • ♦ 

UaS jiii j ^ ^ ^jSiai oWji ^ ts-^ i>— ~ Y 



jJbid e-Lalti A^SUjI J] i M3> lUauI ^ f jj^U 1L, 

vj^jj^j * ' • u*-,)* J>k t^c- O.D. £)j&\ (^lij -£ 

L> (j^> ^ J (JSJ J ji" f»l J?J* ^ ° J<&« j£ jj (Jo jj»j lifcj jj] Ajujo 

, JjLul ^3 f»l JSkl* ^ ,0 ( ^ t • ,A UjljjSjJ (JC. JJJL) 

CjIjjS jpjl (J* jjSjj (JSj f> jjJulill CjIauI^a lI— a Y * « a\ uaj 

.IjJA £">ajl Ajo^JtJl ^jJi p.Lal\j fJ AiuLuJl 

_J| j)jS (JjiUL) Oy^! IS**- L3— j ^ ^ * L3j'>> — ^ ^J— 51 -J 

L?^ cjr" 1 ^ j^Jbj-all pjJ JJ jluajjlj £ » • Jjia jjlc. O.D. 

kJUoJj jj .(JJJj^oixjl ,JUa ullliui jill uJ^jjij !JLJ — «] ^JJ — uai-Jlj ^_jJ — uillSil 
ajjiVl >. , 1U.U Ji .Vir- ^ jjjjjollSjl luiSl ^« ^^Ujiii-all j ^jJmiKH CjLi — ui_»3 



iY. 



o a ^ pH (jlc f jj *ll ji 

jjJaaJ Job JuMamjft (L_u*jijill JcUj]| ^ ( >*sVi — II 1j ^>j)> a* nti 

g^cx'v.; 4j| US t^Uia yxaJl Jc. JV.lW>U Jj JJjS ^» ) J — Jl 

jjuJu J CjLbJl ^ Ol jfju Ujja^ Aie CjIjUu,. jail jxib Jo 

ciiiU CjUS Jj^ J^UJ ^ sjj-^j^l buffers £>UlVi oil i ja-J 

.JjIjjaII ja»J (Jib (jjlu jLSjSluiVUj LyU-«ll (ji S^^>a1I ^jpj*«eJl 

aHj gttii Jc J^^l J *jc. jll 3JU yi liS j ^joJIUI CjVUSI 

jjuaiu JLuifili ^L^uu^i jjjSoII - \ 

OixJ jUj J& J«a*J ^ pOO . Sjlja. i_ a>j.i ( _ 5 _Jc. UJ— S 
ij^ll (jjik. J tjJJ^LJI ijbJai JUsduil jjj^Uj ) lK^ — J* 

aj ^iwU. . © (jNj^ ^ jJ! v^jd •( blank ^ j?-J t« 

^L«v (^ic (jijuuj j»j tuiliidl ji-ilj »Ao] Ja jJi^ll L yiijj J— S 

JLiiJl ljjLJj i*j .objill <Lli jJi AJU JJ *1 J^,^il <^lcL- 

• (jJl ja, c_ilu2aJj (jjiiiSj SA«j Jijj (JS Jti (_pa.*lA. ulil mi «tiim>,j 

(JJJ £**JiJ (Jjj^J (Jt^=S! tsJ^-* (_s — ^ U^> M \)J eL— * ^ 

Tfl (>i JJ-iSJj S^JJ c>« ^tjijJJ U ^mjJI li jJ i-il --<aJ .IAi a. J uuj 



uj^ ^ J 4a-*! 1 ^1 1 % y • -V ' J <>lx4 ^ Jbj iJli — Jaj j 

LaS ^ } "5Lli <JJ jit< ^ taJ .» *»-» w'u v j& V > J j 

J^ia^ll d 1 j , >v-*u ^pia. >&uj ^1 ^j*** ^1*^ j Jjla-tJl 

■( 



l&j* UiUsJl j^b jbjill ALla jjc. a j ^uo ^jJ) l£j ..ill Jj>_ajj 

Jjla-ftJ Uixul jll (Juuu ^jJwJlSlI t-JJjuijjl ^ jx«J ujV^ wSi ) *■ J „■ 'tj^ 

i^j44 (jiuiUaj (_Ja jJ j Obi jll J JJLJ .(JjaJ j > 3 %Y ^ jjj ujj/LaSi 

•XuaSlS LJ JJJ J (jjjll ts^ 1 W^J^ ^'jjj <!} 1 i '» la i 

■IujiSjI ^jJjoJH]I Jj>aJ Ac-jwi ^jJt ^joill (jiamLw JftLuLj j uJl£ 

tJ* fJfuJ^I -WSI A-L*^ VJ^ fJ^^SJI L-lLuOk ijSLoJJ 'ij^' 

•,VUV Ji|>sall 

jjc f jjij^Vlj ^ .. u ^JI <iliu,js j J L^ji tUaiJI jj-.o ^ji-jt ^il 
S^lolj ^Ijll Julib j| (jiU Jjk^ ^ ^u^JW \ 

jVi^l cjIl^js ^ Liii yjiiii LksJi j .(jj^kl ... j, 

^ -««^ u^J csi^Jj .^ju-IISII ^ jjuJL^ diVL^Sl i JS -^ 

• uljlS/l <Jjliu ^iijjJaj J^o^l j]| ^ jjiajjl 

6-» W** ^JJ u^J ^ j^jiJI <f*-j ^9 j— >u> 3_JU ^ 
(>■ J^ 11 cJ^M ^j '43^ jfl Sj>-» .j-lo J j 
.JlfUSl Jjk^Jl ^ jii^lj ^ISJI jj^ lijj, ..xu^Si 5 j^-wo 



AiLiil) t 0 pH ^ J.S -iit -Jj-lih &\L* ji a j j ji — «i jail J— S 

uliU- jilb JbulU tJ &i Jj& -4)-^^ ^ ) t> ^jj - Aj — *S3l 

^ jJlj j . JjJjJa. ».u*S j jjji o j JUJUkJl j* sjVjj^H i-jjuj -UlaJI o^A 

iUa£ JL*ju*J <Jt , < .>\ .vi\ jjAilb ^sl ^ idiJu^xl^ Jj ) jiS J jla>«« ^Ua 
i_iU-aJl .lie ^cl.: V ) byk. J..vyTul> «-ju*i _>1\ luS JjiW j <» j-Ul _>jSi 

>'»•'.. „^ Jj^aJl vuul j jj jx.rfti Uuu aJu iis A u?> ..i " ) ji J ; 

Lid jjW,''^ \_*J j ,J^a«J jl n^^ilb JjJaJl v-iJ j JwoS Ji-i J , „£ ,* ) j 

juiaJl .-JU.I ) jb iix.) J—*J j .p| I ,>£ j Jjisu j ^ ^ ^jjl *.L» J U« , "> * b 

^, j,ua.w„*ll j f j4*J'^l Ao*S ^4&l t w»*3Lso ulV <JJ H) jj S i — ft] j 

^uaJull ji ,* yuM jaIVI j .Ikfcdl j* w ualaull Mi j . JijiaJI v-ld ^ Uati A^ll 

•hydroxy quinoUUe 

J, ,U*\> j\ >-Su-.l **&}J^ 

odiij f.^yji iu-SjjJui \i wiU*. iv-M 1 jPii 

jjb JL* J Jfcjti ol^j vu-l> ^ >v J>_i^ll 

vIiUm^jjjj i3>-^ •AJ;^- 1S1, 6—* u "^'' 1 ^ 

tT i 



AaijIj ^I^sujuiI Alls. .^,jjj_^a]t AijjK <jc ^jiuAjjjll ^JJ_)K (jL-aijl 

ilujJjH ^liiiJj Au*aoJ jjjSSlI ALjL ^ ^JIJJJJSII (>3jl*J 3 V J 

krugel and Aijia J jUl** du* Ajjjjll Aii^kll ^ diL— ill j 

.Ufrjjjc ^^ti ^ LJJaajUll oJJlijixSI ,> Ljl j— » 0— « a A— A RcttCl* 

sodium potassinm cobaltinitrite ^Jc LuS ^ 

t-iliij uujjll (-jjSjj J jj£ iCjIjjjjSIIj CjUju. jill j fJ j uu^llj 

Jxul^l LjUSlI jAjaJl j foj^jj ? jO^lj jil JLuS j J jLnJI Ujj 

Mi* SjjSUI *L>1I jj^j .SjiS ^jil J^l^j ^jsB tjijj — b j 
f jjjj^B ^ ujjjkll * ^ j^Ul JISJ Ji It a 

CLmal JalL^Jl |j| AW gJla J .aJ ,nUI j^^JJl 

AijjL ^I^U Aua r ja«Ij_^I jj^5 (jloj Ail VJ ClijlS jp. AjaS^p l^I jll 
fr» <>°jUij ^1 ^tyjjSlI 1^*1 j jljj ^ J^a CjIjjISII Jj__9 

jj^I V mm! J dLjSlI J ^ jj .a3j>1I ^ j_)^S3l 

.^jiuljjjll AjuSj gulii (jit 



Jjk-*!' ^ ,» Jjj jl - *■> !l Jw« jjuu V 1 ^ j'ull villi} ^ I j 

«• v 1 ; ^ * • J**J' * U»' >jI*xm '^jV jjjjuIi * ^,.1, „-iVl 

lOmiI ^ll "Vjl J j'j v.lL jSili U)>ui M .'AJLiJl j» jJxAl jjl «. 4 yj .'■ yti\ 

J&Uljj J," ill j J >U ^WVlU afc L-W JC uLlt «V.i > . i„ .,. t ,l ) wlf ;J } J W WX*' 3* 

>*• iji*> i ^ > ' **» V" hiV 

jIaj £Ju!Ull t'uiSl *A Col> Oju >iu J JwJ J J rtil > 

jWjj J-*? ur- 1 ^ J>-^ jl Na K cutnltinitrito 

^jUI J A*-^ 1 J' <n «i» ^ vjUj , . jj jij* ,ji v > J 

^ £±i jill J Uuj *JmU wj'xL. JUi «iuj JVj„ jJLJLj *J Ull 

JLmU Jla >ij U. lLa, V li^jj JuJtH c liJji JI jjl 

Ail >L £a wjju* J jiv* ^y* i-lli ; *lit w w» jl , ,S — f y. -xa. 

Cjl j5j ^ AJLjJUii JjL)m« JU»1J J u AUa l wJJ mi jill ^ 1U, ^j— 3 j 

.-Liuu JJUm* nlu JjkfA, f j^v-oll j J^ 1 

Jl}J«JI r JUi 5IA ^ / . Uj t i ;i— aJl > ji ,.? ; ^ W ^ j_*-sjl j~JX> s 

^-ua. ^ j p «uLfi. ^wsLil M^iii » *Ull Jji Jjk laJl o** 1 —* 



U-akjll ijjaJ ^JaiLLa Sjl ja. 4Aji ^jic JjaJ 0 J* (J* CJ-^J U-)^ 1 c** 
V^jui o ^ cs^ f^** cs^ cs*£*^ lA"^ 'S!J — «JL«JI j — a 

(julS Aaj jJI CjLijIs^ Jaii .<iLa f ^ui 0 • $s». j J — £ ^ — j ji n <i\ ,, % ■ 
IjjJa^a. Jjla^all ^i^j Jiz. ^JaAjS SJaSj ^jJ — JjJ Ol — u£jjAji uil — j 

(JS L-Umjil Ai I £ A) j i_iLJajj (jljliil «-»j^ J j — U-«3l ja. uo .Liu — Ja 

tjulS ^ UjjSj oAaJj <i)S0 o-lal JjLs-ail LJ Iij ,U jjo j pjjiajlVl j A}A*JI 
(jSai ^jjsk ^ jiioVl Jaai AiLiaJ JlUj Luj«Vl .icL-aJ uiS jj <JLx ^ j t ^ . laA * 
I jjS (J ji^-aJl jtjJijjj t ^ nWfill ,^3 jaImu ,fuilb U^cU-cu — It J^.W , m!3U 

<^j!ajj l_ilu)ja]| (jul^l l.i>J jll .CjIj* sjc (j^Luill pL*Hj J, ,, 

Aj-AaJl l-Ujuijj Jl*Jj Jjls-oll liAjj lilijJjlSj! i_ycua\ & (J _ a ,ln , Vi ^, — JttJ 

JjjojUj (Jjlii-all ^-wjjj (3f^ ^jjiaVl (J I ohJmIj J >S — uiiJl J ^ j I j 
t _ 5 3a. JjmiJl *.L«j ^tjiljil jiJJ . AijjKll jj* (j<aK,'»ll ^L«j , . ,1%, t,,,i „i >nl jll 
(j« (jolaall (_gJa>i O • « jja J§i S jl ja. Aa. ji (jJc- (j^ u j ^ t\ , i> W 

o 'AiL±\j {jLUi eUl ^ ujviljil JLjjj tiLJi ^j-L uVl ^X-J 

(jbliil ^jlauuullj £_Ju5Lall ^jjjUII AluiS J J-Xli J jIa-q (J* Ajuifl CjI j'uu'i ui 

(j* SjLjj AiLuaL Uiiul JjJI ^Uj] Jilij .LOJjal JJlU (JjilSJ £jueU J^LxaII liJjj J 

SA^jill fU3 ^j .^IjB J5LJI t> ^jLJI au-Sj;^ 

«UlJ LjLjaij ^tjil jll ,«.L*llj Iju^. l_UmI jll J j (J j W^ti w 

^LuV % ^ » f»Jil*l CilijJjS J j — ( £ + \ ) j> jj, , ,) .V} „..i£ ^ jAii 
(jjLa ^»Laa. ( _ y lc !)L)la Jjla-a]l ciljpj UA jiC. j ^jOwJlSJl j a jJjUll ViHJ^ 

0 » 1 (ja (JSi S jl ja. <a.jj ^^ic. (jiajjuJb ^ jxuVl 0 * (jrtJsv.'V j ) 

j»jjiuS/l AiuiSjjJji (JjLa-o (j* Jaj)j ^jJa jj j jilujl pLJl JJS iJiLJojj 
£y* JaSj ^JJJ f J^VI ^.JJjS J .jk* t> (jlHaii jl 3 — kaj ^ Ul a-v-all 
f U ^ ^LSJ £uaJ JjkJil v*l jlj .^juJUll pjjJmVl CjX-SI J>x- 
^Us». ^ic UU3 UiU=Jl jijjj Jjia^i ^u. jj .CilsU ^Jbj UiU J jxj 



Vl^ao (JSl ^ (J^Jf* J (J^H^ S-^J lS*AL5 'fj^ 6 ^' 
^Jaj AjJI "JLuajj OJJJ* (3A> CS* (JjSd^J J^JJj ^ 

JS jJ Jajli~« LJJJJJ uiia^ll (jS JjJJj • • i> Jal * J J*- lc 

(j^Uja. <S5jJ JXi. J^JJJ LjUii-11 Vj-* t> ^ J J U^ 1 £ — ^ 

. J ja-Sllj Cll^Lvll (jx Cll j Tun . i .1 1 <*jJaJJ tjJJ _>a jl 6 J — « J — "«JJ 

JLmIuiU CAja l^C tjJjll J*«JJ Jjia-*ll jj -t 3^ (JaJ^AuiVI 

Jjk- ^ j>yi jili jj^Sj u^-j vjf^ 1 l>J& VW^ 1 -^M 1 r^* - 

t> « >. JjSy ul?Jl jUjB Jja. CjU-c J^U 4j| Ji^bj . f J J nnij 
J vTAiw jjjiJl Jjhxu M j • Jji-jtt Jd^ u* ^ f-^J-^ 1 



M^Ui (JJ^ 1 cA> .j^Siljll ,ji jji^jiJl > .n m jS fu-j ill j—KII 



i*\ * ^Sj ^jjl^I ^uiLjall CilAual ^1 ^iuaij-oll oi-A u , x& 
(JjlskJS (ja (J* Vo t, »->j ;^ ( yjL l a,« ^ Luaj ) dtf-jjJ *U-l/^/Y 

.»US JSLm ^ ^ ( Br H 2 0 ) pjjdl 
t> ^ :<J* / ^ ^ vSlock solution ^L-Vl Jjla^ll i 

r >^JI ^JJOJA J^* t> (> to ^ AS 2 0 3 j^jjll ^ ^ 



. jsi Stock Solution J i> ^ ■ 

jrfS H2SO4 .N 2 H 4 ojJj^ ^>-4 J^J^ -o/^/Y 

i < Ui) ;2H 2 0 .CILa -Sn jjp*-8B J,.,K.« -v/VV Y 

I^a \ H > it. JLjJ jlSjjJUA (jia — ask, cjj La-s /^/^ 

. .iijjii »/VV Y 

(Jjjj ^IjaouiVI JjS J 2 ^' l)"»J ' ajJajj] : j — sail J — «j — ^ ^/^/^/^ 
frLLc. 1^1 OljLa^lL V ^pklJ! UjJbS Aaa.Uj kjjA ik^j Cil jLu=w.VI 

jiii <] j^jjij ^Uill (Juaol jjjlc-i (jja JaUsuJl (j — a <L-)Ja9 ily — JJ 

in 



(jc Jul jll Jl jjj (jAj^aJ\ ilDLi J jla-aj <J-«jJl (JAaJ (J>>X ..-y\l jl jl 

.Jaiill (JJjla 

(jic. Jiisuj J jjj :2L^i]| CjUIjj_£jj!j Jj-JuI tflj Y/> /Y 

V, £ ) jjj* » , ^ 5jL«ill ilil jjj (Jjia^o (> J* Yt • JSl ji (jji ^ » 3 a.jj 

^jjjjj^oJI iIiUUjSjjj JAjl Jjl=»-a (jo (J* Y » » Y< i ^ 

£-« <JaAJ AjJaill till jij Jjia^ CjUUj S]l J j Lxa uil - 

Clau LJtouJj J jb jiU> ^1.Y>"ihiIj (JjuiJuj ( JJaJ £«S (JX— £e uijj 

.AfljiJI ajlja. ^jJ (jia jrt&Vifl 

. l-jjS3jJI ( t-iulllll <a»jj ) (JjAijjjII J ^ei»Jl L-jlij - 

.UU3 t-JjuijU (jJ* pjajj JjL) t-iLiJaj ^»j JjJJ - 

jX-i. jt — ijJ - 

<9>jJ ) jriiVM JbiiJa Cjco Aj&LlI pljii^all till JjlLJI LJI SaJ - 

Ao Jic Jj.^H ( (j* "\AV IAo CjIjjUjII ei* Jg.oM 

.'U-oSj'l ja %^ « 

.^ili j <jjj aui^j J iii jjlLii o>2 - 

J AajLJI a jJaiJI (j^ 4alfi (Jjua^lall £tla]l ^a. • ,° t_jli — J - 

.jjill -uJc. AjAjjjj J J* \ * » 3jlu> t5jLuu> (jjjJl 
(j ji-jj Jalij { jjAijull ^hVinlj jSLUa ^ • » (_ S -1J ( -* . > . iJ I J — «£j. - 
.iijiJl Sjl ja. 4a» ji Jo 3j£l.3 M-?0 ^ 
.Si jill S jlja. <>jj ^ SOJJD ISjVj Jkj «JufilSS lift J 



try 



(jA L$Jj]aj jxut ^ jjlaJ-ill LAjisS 'Lsala.j <Ujjj1 L^jI^I^jui ijA MaI ~ Y 

CjIiaS ^jSj J 4jaa>!}lo £-« ( * V,° ) J«j]| ijjl kiu ^ j 

f hVun b cJxijJI i_iLjjj (Aiili-iJI v-iuliVl "Lijl ij^j II 

liljjilj (jiaaa. Jjlxxi ^.lilmli ojjjJal! .Vl r- Jxj II L *lai-J - £ 

(ajj^S/I t> J-jJI <3I J fij V ) UyLkJl UlJUI £ pULi U jjI, 

i_l*J J* jll (-ilia, |j| ) ^Lwajll <Jj£lx J j]^ uiLubj 

.( (jjljui LaS Aillajij j «LulaJj SjL&l ^jj jl 

(JiJj i* j 3 AA\f\n oJI^jui S jLjj^JLi Aj^jjj^I ujjSjj i — O 

Ci jW*-* (JJJ-i *J3j ^ lilli Juu ^ Jj^jSJI Sj^juI ^ Al H uu 

LV* (.Jjkll e jaJl i. SuJajij ^Iij (a..\)j,^rtll kijA <j lc. Cu lal lj 

pljfrJI <> jLu AJau.ljJ Oi=Oj OJ^VU t tin mi) f_J *L-a]l 

t>^J SAm£S/U uJajll (aJ J a ^J1 Uija.ljj ^alfi ^.4 . ^l.j 

^ ) U5lj ^| ^ (HCL0 4 ) 4jjjKj-^JI 

•( OjU 



Cjj/LutSi J>« ^ .a ^U J M «U -Uil^jjll "Ha. j — *ll ^ — S Oil — Jay 

^ililbll c JU*j V' 4-lW:U j cjUuJI ^ dj";b J*c Sic. I ^ £ — « ^ jj^j ^S'l 
JUcS/l ) j>^i»ll Oil fUJj ( If >/T ) j* <Lm iLijc. jjj-J 

.{SOU ^u^i ai^I ^115 

a ^jaJ - j ^ )Jf k. ic\ — moI f jj— i y*"J\ OVL-«Si J — * £Ju_u* 

j* <jJum1I jx* j jpyill 

6 cIjJbjjJI » ^p-jV' j 5j-lo j jJ* 5 jJJjil » J *V „tl ^ ^ . In) jit .'>J 



(jiixa. <>> J* ( 0 • ^°)(^ d — • ^ 0 ^ * ^ kjoi - 

• J* Yo» J| ^jJa^Jl jybi-o t-iiij - 



.(cj) J ^ US ^ j ( ^ V. ) oja" 

fe) *M <(') ^ SjjSUl j£ tf jiVl dtyUlj jIj*U J 

Sj^i jijji sau^I f uy ^u. c^u** Uks ^j^Vi lJI j 



*JU J ji ^1 t> ^jjj^l J Jllwll Joim ^ ) j_^SS\\ 

( f^JI c> ji c X*Vl q* V-^ dU-S 



ire 



Cil /'\;»-' > • *jL^A JL liu^ >i»jJl s .tj ttil ' £ — « «Jrt — Jsu - 

. j j jJi*-aiJl iij jlS J jla-i iaii S » j» jj~Xj jj JjJ yJ J jla-o 

lj yualLi 4j jjjj I ^fiwJ (.j jll A*? — S J "Ui— J« 

£il )H o> ,> ^ ,» *±>h vi J* » V 1 "* 1 ^ 1 or* fr"* « " 

.jljvJl lie. Uj3 j^aJl J*-a>J " 
,i iljJ M*j J) «/VV Y ) ^J* J* i *-iUy - 

.Jcliill 

>(J ; j'u»cJt Jj j jill jJ) Cili j^xaH Jiii j "i >• JS ^ 
Jl ^ J*Sj, H.'SO., .Nil.. oJj'jW 1 

j'l diUJ JjIm I >m jj' Li A t * ^a. J jL ^pk- j j_Jll 



JUjaH sj U jj J\ P Ub JjjJ jj^Lj j-illj 1 i iA_*J 

<> ( 6^' J ) 6^' ^ ^ V s " 

^Ui)| yiflO^I 

■WW*) ^jU-^i 

JJU- t> (JS (> (till jiLIU o Y sic ) AjjUL* cJajj - 

UulljSSl cJL^j ^ J* Vo J) ^ uiLjou - 

Y tiiLjjKjj^ll oitAA <Jjk« ^ JU o jShJl JjiSUl 



Ijc. UjS ^^Aul^l J jji Aij>ia Ji US ( AS II, ) jjjjS/l 
Y/Y) ^Uaill CjUj JAjI ^b J £u* ,> J* £ ciUaj 

J] Sau^JI da Juu J jla^ll Jill jUii Oil >J a >ia 

£ /VV Y ) ^1 •* mSJ ^ <*' j*><&* * J* lS 

^1 J^ul *U ^ jUll jU> J J' ( * 

jxjjj jll ^yjij "Ul*. L«S *U < jsj!I J, , ««Sj j 1 J— 4 Y*0 (>r - JJ 
tjlwjjlj oYY Jjb j£l«J! ,j ^jaUy fj t<U,,.,js.ll 

. jS liL j2tp jixo. " - Y 

.%Y© ^yj^l jLuaSjjwk Jjk*- i 



■^J 11 Aj-j-wj' ^j.^-^ * 



mJLuI jj iijji jj^su ^ ( (jam LoS i^c jj ) ii^-j - 

^1 eiLjiiill (jivo>j t£lu}J^' jjiwla. ft &lnb ujAajil ^ — Li^JI 

.-Lajj^ia^cJI 5 iw \1 Liljjjjill ^jjn<i,% 5_ptjf 
^ £jub^ij -Lajjuiag-aJl <iwJl ^» ' (J-» V • " ^ jl-^ -A^j — J 

■( ^ j' ) f J^jill ^Jt Jj^ t> 
.% £ • jjjjl^juaSjl AjJjlS Jjla-* (>> ( JaSi £ ) Jbli £jLi»J I ill fcu - 

6 JuLia QjjjVl jl^ ^IjjJ liip* liiijll l>« ^ ° * — «\ Livl 

Ljiil^J tijW ^331 jlfaJI <JjfiU ^jcjuoj ^Uxjll LjJaAj iiUi£j 

^.Ua lil ( H 2 S ) O^jjA^I ^ftjjfS J£ oaU-^V 



£ju]l j jl£i ^ JSVI ^ >/* ^ J* S^cJ jL^aJl d>Ju - 

■■^a* 1 ' or* CJ^j) 11 

CiVlbiUll j J >jL- =Jl jIjI ^JVa. jjV' j jSj ji ,j — ftl 

£X<Oh jJuX. ,*.>">■ »V I vJiii Luhjjl^li Jjla-* A. ln J jj J j -j 

. vyj jail jjc Y :N : N Aa*u 



• ^ pU (So YA» + liljjjlSjjJoA 

:£ » , Y JjjII J_yla-« i 

» , • • ^ Jjj J^la-n 
jfajj J* ^ • £ • , • Y J jail J^k* ,> J« o ■ fcj 

f jpj-Vl dl^J^ j> ^ V ^jIjlj : fJtf j j-oVl C^IajjI Jj . 



J* / j p*-* ^ Stock Solution ^^Sfl J^la^l \ 

\ 4 o 4 > « jjS^i JJU* jLmuI «.l — *ll ^i ^JL .mU J— • a • • • V . . 
( ' (1 1 l,s As N< ).i oUh^- jVi Waili JJ^ 1 - 

.J* 1 . . o-lS Jib A 

.Ijltlaj <jjlk*ll CjliuJl £t 



Sj* ^jalb t^ioSj AjSII UjS jjSI J 

JS1 6H 2 0 .Mg (N0 3 ) 2 ^ rJ tf-atUB ^ JSi i> 

jjni\f.Lttll <JliljiS LsL«j ^Jjii (_s^. (^Ijjkj 

4aa£ ( ^ ' ' ) ilil'unll AfualL I — ai 

AjjLa ^ jAuUC.1 ^ (Jill ^ £ uilUaJj Jal/Lk jl ( Jii.'i^. o <LojLla 

.( JaliJ 

.jfl 0 S J jsl (jlc (j j9 jl jUu ^Ua. Jl* 

jjj2j SAjAj ^j^jJajJl Si-all J£ u-aisu — !lj jj-^aJ (jjA » ♦ 



S jlrirV jjSj (jixul jjL jLq^II ,^^0 Jjjuo-JI ^c. 4 — 1U. L5 _ - 

^ * ^ i-jlAjj ebdl (J* ^ >M l ^= x Ji) *J*^ 4iSjJl cJli— J " 

<U=uJ^j Jill i . Mix* ij&j j j (j>io-> (J — « 

'"oji) U3^ 

^ » J ' "-^ « tibjjlSi j jJjA (_>iaAa> j^o AjuI ^ ^jiijjj ^3 j ujjI ^a. 
jjlJaSj StiUS ^jJlc. jS^J (JSLoJl <_3 >-i (j 1 J — ill (jl (JjJ — 3k 

5^11 0- J-lj, u$jj*-*W ^ «J* 1 ' ' ^ ^ " 
JJ tils j ^ H ,o ^Lixj f3 pUb v^tsL-^jll ^>-2 - 
J JS AcLui S jl >^ OJ^ J^ 1 ^ >-A3J -t^-^ 1 



k 5; j— *JJ H2 SO4 ) .( N2 H4 ^jl jJJ—^il CjIjjj—jS 

$15.* ^ « SixJ ( u jS jjo ) tjLJxSI .ka jlq jUj ^Ux (3, \r. jl 

S-Lall fljlSkU £A TjitajjU A £ « (j^-JA JjJa (jJo (jjjj jl 

i ^ 6^-^ c> (jIuijI iMiiLu.jVI t>»*aJ (_U*JI 

l^jjp .iic jyjjjll ^jill ^iii ^L-^VI 3r 



CjIjIju (Ja*j jaj ^jja jJ — II ^Jy — ^ual i ^>'\o l jL-^a. 

olsul ^ fk^ill *Jil£*l £-« el )*Jl j Jja. > >_lull j J^-a. > jJj^I 
^V,V ^uaL^aloV I »La* yi J jia .Int. W ^jj j ClI jl — iJl JLi — ^ j 

^jjjjI Ja— mj Mercury hydride system ^ a <uJb 

jl^ Jfl 5^ J\ ,ji jAj^I jli Jiil <*) s All Cfll , rt ,11 , J,; 

;jJl OuUl 

. ^ * • * » ^ • ' *ju*i <Vj jLic. ,j jl jj 

. jS vjjy jifj ^^iMa. ~T 
.( ll l*i„ i.J nll {leu * jlc 5jl jla*J ) iJ ii Jja^ j jAiA jlc. A 

f a*y^ ijn ^ t v'A! 4? JA?* J# J>^ " A 



:( SliSall j-jljuajl £AaaJ (JxiaSJ 3iijajl oAfcj ) uls j — SI ^ uafrll - 

i-jLjajj JaI^JS ^jjjji J 4_LixJI lj-o CLiLI ja» ( 0 Y ) ^jjj—j 
• Jj ^WJ^ l> l_U ^ * + (_U 1 • Jill "iLj jlull (jiaAA. 

J* (o Y ) UL^jj iijJI o— ( f l j-> I \ /V ) ojj-J - 

(H2O2) Au-SjJJJ 0}a.jjA}A Jx» Y » Jj jS ja till jjjj jk-tt. 

•lij^l {^aL-aWiM JI4A. Jc. i jfljj J* 0 , J J* 

f»! j-^ f + NaB H4 t> ^ Y <_jl jy jj ^ ^ ^ > _ Jua - *\ 

•lU 0 • - Jj JaL> *L> J OuuS jj^LjA j» ^ua 

4Aj uWji5l J* Jj «4u d. 

.«.L J* 0 . » JJ JaSjj jjjji 
r «4uAjJ^ j^-u JJS^ dljjjKjjAjA t> ,4.x -r 

■ dU J* O . . J 

• lU ^ » « Jai-oll »Lo]1 



\ » - J* ^ ) jjS Jill ^ullc jtoj jjli t>* <wiLja JJla^ ^ ^ . x) -o 

Y • i ^ » c o JkJl^ j .rt^ i ( j2J / ^,1 ja. ^ jSo* 

. jl+sJL <^UJI CjUkiU UA. P l ^1 o^VI 
u^li i^All eUyi, 1 jlwpli Mr,v ^^l J^Ul Uj - 

jWll pUll 4jO j >4) j jlS j jju^JI tjJa — *a.U> j_J AxJlall j 

L^iSI jjll JljjA}A UJ^J ((JoLioll iX~A.} ^ — S Ja^ajj^JI 
Lff jill ^^ U . ou VI jlfik. jjJJ Jja. jVl 4,1 -1 , „ m l J ,,,,4 % J 

(jabS J^la-« JSlj jW?^' <Ljwil,uia>, V 4 jMj' jiSB %J jjui 

Aiiau) <UuiliS ^ Olj^all i jju u>"M J>^-* J^JJ 

.^liwJl jj£ jj Uuojj CIiUjjlII eel jS \ 0 t ^ » (0 

jU*JI ,> S j jiUll 5*1 jiill X , jjfc-ril 
« >}S>1I 

ijj»ii jj, 

Cuil jaJl ^Uii flAiUj -Y 
Jl <jj*ll J*j£jj e jSj (3fM US <i»Jl » aju-i » 



t t A 



AutO (j^uu qA± t. ja. ( tlnal j — aJl ) g^bj—JI Ia_a (j a - 

s j^- 3 4^ ^ ^ jjb <_j Samples 

0 • j£J* Jji^i jJ (_>-u ^u_i*u 

^ 5 i Ji I ^1 , 
•i-l^ J%^l f-fckluu Uj tf Jii« 3 jl$aJ 

Vjl >LJI *U IjS ^ fjk^b ^ ir.v jL^JI 

Usui J ^shsi ^ ^ v s j- js i ^uij-^jjSx. 

t> J£j2 f5 .o^U^VI j J-oS Jill a j L f 

.<LUI 

-— : - tfjt 



Colournants kjkij JIjaII j Pigments Cjlio^l 



Jkxll tfd f*J t>4 lilj ^Ull U jjJi* Ail d*-* 

a^j] jiSsl! djDUU^ll j£h ^a* j SjUII ^ JLi&lU-JI jl 

21LIS1I Aj jlall Jl jj plj*. ^Ull iSl**& Ji Uio CjUa** £J J A?.*! ^ 

iiaLa jjKJI Jl« Lipid Soluble pigments o.*-^ 1 l*-* t&A-U 
UiliSI fcjU J j—Jl j! Crotcnoids ol^ji-p j jlill * Chlorophylls 
C5 iijUu.jijVI Water Soluble pigments *L^l ^ gbjlJ] 
tsjkj ^ iuJljjaJ A^iVl Ul tBetulains J^IjjjJI j Anthocyanins 

heme 0£>jj^' t" f^' cr^'j -**a u, — k 

^auaul (ji»xj ^ <-_i1 1 — «£ (Myoglobin Oj—j j1>jj<*1I Jj— « protein 
Crustaceans j Trout &uj,j Salmon j^JLuJi dUJ^i 

Orange red pigment ^JijjJl *l j*»Jl CiUj.^ll Wi abj-j a— jla 

.^bill 4ja*j!I 

L^Uliil S^&LuJl ji £au£>1I <_L!j*JI i^LlaII CAjJ if .yjA (SjljsJl 

til t^aiti j JolStS jlficVI ikVl -Ula l^ij (J jii.VI j 8 a x.ffyl 

t>*5LAlu.VI CljULfi *l jaJ Aic JLi >]| Jl jA Jo Jj jJ »A4 a- j-Jb 
<auii U> A^j CAii^Jl Jfe US (AjAfcVl aJ>3j cfci Jjli-J jl 
SAwS>ll <*-ali. CjU jiyi iu/u J«JI lilj (j—OjiVI JoLwiiil 



Chlorophyll cJjjj^l 

Jlua. iASI jiJl jjw j jl ^jukil ^aA.'yi J>\JI jc iU jIuaII «,l j jasA\ 

oiA J v^laaVl t> ^j, J^jjlSJl ^H-J i> V) fSi V ^jUall Jj Will 
lA*! J > J J^' Aia*-a UxJ u v«i1«j *jj j-Ja Ailia 1 — jj ^ j L 4, v. . Unit 

chlorophyll 

ftCOj + oIl.O C ( ,H,A. + 6()> 

energy 

C\«j lly, carotene d _^«a j>L kjUli uiiUawall i> jjc U »•> ^ 

.Wjw ^ C40 Us*, O2 Xunthophyll p> 

I jjjS Ia^. Willstatter ^JUii ,S Bcraelies ^Ul UU J^jjISll 
ojj*~q cjii*., u£u ^ j Chloroplasikles ^Iauw'Xj j jlSJi ljr A 

CiLiija. l^jjj UjS _juuu Glials ^ — k. ^ jl, aj (rl'IUUl Ul >_. a. ^.a »u 

Chlorophyll a \ Jjs , } 5IS U* ^"iLLa j ,lSil ^> jle. >i JlLjk j 
^ Jj-jj-W-j «j"XiiVi y Chlorophyll h m Ja-i 

Ja, £ Uiu i S ; j*-sJl ^ V ^ j J ,j jSJl S jj ^ ( 'I Jj_Jlu <o j— «u» 

e j jA-aJl ^ ( 1 II() JaA^ll ya*A 



OjSj tetrapyrrole (JjjjjIjjoI! &\Jlu* q*±± ca^lLa jjlSllj 

s jill J US Dihydro jjAja <^b Sjji-JI ls ~A jjj-jajJI Uj_j 

Ail jj uloJj Mg ++ f J;}Judc.U!l ^ 4S jaJI jSj* ^ >i> jJ S , vi.Jl 
uj ci (jjjajjaJl dAai — vi« — jj — uiilL <Uj^ — uu ^» jj uuc-Loil &jj 

•(jrv c^-Au oj^a^ 1 >A5i I'hcophtin a,b 
<ji ^tjJaJI (jla lilli ^ j jlsll Jaw jll ^ IojIj (Jj— 9j jlSII j jkj j 

tf. jjuur .UII Sjj ^JljJ t unaij JjfljjjlSlI ^ijj-o ^jJc. Jj^j jUull jl r \ «] l 

<sk j^ic ^.Luu Chloro phyllase j . pWty j jKli ^ j ij J \ «S 

methyl oljilLa jjjlS J&uB cjlftJu uj^j j phytol J jj jtil 
<iAj_>j| Sojui^I cLlJIcIsj ijiaj J UaJ tjSLo US chlorophylidcs 

Sji 4j| jj Ua_Jo J , nV ln l | vlLS j_J J S jL-^yi su j 

J uS-j ^l^ajjjlSJl Jl» Jjjjill *JI j) Jkj J ujjfl^jill JU p jWioUl 

•pheophorbidcs olau j ja 

Chlorophylide -pIIYTOL 
(green) Chlorophylase 

-Mg 

Y —— — 

Pheophytin - Phytol 

(green brown olive) 



C'hlorophyl 
(green) 

Pheophorbide 
(brown olive) 



tor 




COOC 7U H J(1 

.,Hf<iiVlim'iifOihiM|>ltylhtiwulh.it: X" ■CUiH: X 1 ' OKI. 



Propertries of chlorophyll JjfljjjKU o>! (jaaj 

bluish t3j> J jJ <jj JjiSI jS-u jxaa jjJ <1 Jj-ij jjISII - \ 

■Greenish 

•lJJ> 

Willstatter and Schertz i> J* 1$j ^ ^1 CjUjJ CaL5! -o 

•Olive brown 

^ L^j tj^l ^ i lMjjj^II d til -1 

Li^u. jjjl lijl ILJ AibL ^ jjIAjj ^,^1 ^| 



too 



JpS Jjijjj d >iaJ jjSlI ^3>5aSI Chlorophyllase 
cS 1 J^JJ j^ 1 tJ ^ jw4> Jjs j j jKII ^ l^ij ^ jail - ^ ^ 

Slhwariz olli L*£ <L 3LJ >. , , n , „U::i\ l ., \;„ .. ^ Ib Jj—ui 

('an jura o^W 11 O)^ 1 ) Mingue/, pUi &j C)sj-=* ] j 
ji&i \ ^ ^ . t> (^—i Lopez jJUJi i& Schwartz 

.HPLC JW- 

^^L v_i ^ ^ ^ • pie Schwartz & Lorenzo pUi ^-iij 



Flavonoids and their derivatives l£it&kj d^jfcUH 



(f 'J 



a i 



2_3' 




Naringln Polargonldin 
(Flavanone) (290 nm] (Anlhocyanidin) (520 nm| 



OH 



Calechln 
(Flsvanoll 1275 nm| 



Arlgenin 
(Flavane) |26S and 336 nm| 



.(YV) fjjjLil^i «uLiJ <£*j CA£jJ ^ u JJi\ ^ Jill 
red or violet ^.vuj^l J <> y ,„„ cd:uj_j j£AAlt j 

yellow colour >-Vl jjlilj anthocyanine qvjU-^SU colour 

•Flavonoids cj^jjj£sUll 

Flavylium j4£*s — j ^j^-^ L, J 2-phenyl benzopyrlium 



jifr t )1 1 Jj*-S j ;Jj* A^laM* J >1 ^U^jVIj <ii gflj S jL-Jtyl J-l-JU j 

II AiLJi ^ ;> »t T ^ ; i ^ Jj— u&fcA ,1 <<r _ J> -S } j^JI 
ji] ^ji^i J »ftfi vuS ^ ^**»"Vi Ij*1 l*fjs j Huvylium 

.( ^^iw jl Jjjl ji >*J ) ujS>« 

.Anthueyanitlins ^Ah^*" 1 

,1 ^...iiiti j ,111 ^Jb« ^l^jSiVl J>*S 0,111 Uijd CibS^I 
.proaiuliocyunitlins j^U->j!uYi cjI^Ij^ li^jijfiUB dja 

•.J* Ud U >>i J^lH^I <i*-J ^Ull jiJ t>*J JlljAj ;^uUll 

^^^Si^^^U;!^ J^>&l ilia** <-A& -X 
cjUJl ^ S^SUH , sill 9 \ ^iaaJl jib-eC .lata, j £-}WXJ lOj_U& 

.Canning 
.L&UjlSi* oA» 



cs* ^JJ J e'j- 4 * is** J" oJilj— uijSuVl J-^«J - * 

.1$} pH -Jl ^J-^ ^AjaA. LuAjLs 

,j9 3jicVl Jala. <cUu-a ^ f jjJ ^UwjjjVI Ajbj^a i_j*Jj — ° 

SJjJtfr JSLSU uiuh'ij i_J*JI 

.^liill ^u^ull C£Um OjUI J J^l I 
.^■jii /-ill i_ll*]l ^ i , ut nil tllj^a. L5 ^- 6^cLuia3|-(_i 

^ J jStill S-jbjj jjlll ^ j^l J CjUjVI ^1 -1 
JL. jjUJl jiiUu, ^&l Ai^, V-M* ts— 1 ! 

Xj± _>*aJ Cll j A£l js!I (ji ^Lu-ull UjUjIIj iliLJ Jill ;M J SI j 

jLi jjjUuiJuVl Cjljux-a ^ » jjuS XySk Jb ^jiaa ill j 5 iJaiajxJI 

s5U« jjiJl i_ikll (y^u, JSb L_$J iii^_-=u black cherries j— jjSJI 
i> jjSi tsllij perforation t.n £3 %j jl plaomton 

•Sour cherries 

iiLiL-ajjaL Anthocyanins OjjU« ^uVl <IjU.ho ^ 
^ UJ 0j ui 0 i nAY fk. Brouillard 

»» J jaJ <a jj t ^^'.nJ c_jAa31 <<j jUl S^Ull JjSjj y. « J<il_j_xi S^_c 

cB aSLJI ^U. oSjJi ^ j^i ^ p H JL, jj 

a*jJ (jla yj^U JL-jll ^ t( jjill Jo Sj^S <-a.j^ A—^j^xil 

Flavylium cation ^ o>^l j quinonoidal base J^i-^J) 
«Chalcone I j^ij pseudo base ^iBj carbinol Jj^-jj^II j 



LpiaJI ^ Uu cJaii Flavyium form (AH + ) (JLjaMill s J| 

fWE«i oJ J\ o_9— in £ ^ ^ p h — 11 ^Jj 

si-a j tquinonoidal base J4jjL_jj*JI cFlavylium cation 
yi jj uiuu c*13i j quinonodal <5« Oj^I ^ * ^-^ja* 

hydroxylated flavylium J^SjjamJI 0— * 0A»^ 
Ju (j^u., i jJi J Liui &UjVi iitauub ji L_*S cation 
Ciljjjlill j .polyphenols jija ^jJI j Flavonoids cijIajj — j jM 
amino acids <j— ij*Vl i>J — <^Vlj alkaloids 
t> jjjLuji JiiVl CjUiwa jja^j tjloj dAj£ jaII j organic acids 
Maj JtilL, ojSUI OjUI tf^ hydration u_i jJaS V- 1 * 0 

lijjj Ull j> (JS j-iib ^ *\ A « ^L_c yamada , et al o* a_a!j 
<iA£j— « • ^ — fa^lS ts _J& a and |3 cyclodextrins oiJ^-^^J^ 

- Pelargonidin 3- glucoside. 

- Cyanidin 3- glucoside. 

- Delphinidin 3- C4 (p-conmaroyl) L- 
rhamnosy (1,6) glucosido 5- glucoside. 

cyanodin u£ j*j pelargonidin 3- glucosidy i> <J£ i> g 3 ^ 
Lou (jjjkuSjjlSdjj linll jyS jj s^Ljjj jjabll si— jJ £ — « 3-glucoside 

Aiiua (j& gjllJll (jj— ^ — 15— 1) Ujj" jlSjUiilAll <Sl ^>J 

U& JSi Ja_Jfl pelarogonilin 3- glusoside 

OjSj JjVl oiik ,J pseudo base J& Flavylium ion pL-JBUH 



.pseudoba.sc 

Jli ^ , le. ^.M Y Sid ^U^Jl ^ j^U, yiiV/l lHUu^ Jc 

Lii jSJl Clij > yl »V uH^ 1 J»WJ» ^ui j^L^ jiiVl 

.*U1L> 

<j Klavonoids Al^jfclill 

C Jjj*jS ^Cjatm. j ,111 fr | ^ diUowa 

^io A* *w>" >?• ^ Joii >i US Havylium f^mill ujS^ ^ r 

QULMl'itill Jij- jjjSJI -iLiS >* .Id Jj jj jS'Still Clkx^a j^j (j <, j 

•Myricetin oA^^j 
j^^lili vii'uSj.,, I'luvonoids ^jljjj—aj&lill «jl ,ATij 
^ o>uJi ji^i fr\, Vu . ^ li ^ — jUjJi i_uS j — ill tJ ~& Flavonones 

jUil hitler taste >*Ji v^Ijj^^i ^ 
ollij Oranges nJi j Lemons jj^lj Grapefruit ^jjs 
— i is**** > 3 f -1 )i )£j^*>s yn bp ji J jj^mj j^ill *1jIjS>« Ju 

•hespcridin ^aj^u-^Ii oS>» j naringin 




nr 



jA3.Vl ujill oLfi J HAo ? U (jjjiij Maccarone j>j ^—Sj 

Tartaric lP***- *iUialj ^i~Sj microwave ^jjj_%«JI 
jjLjax! sjUS gluthalhionc ^jtijlaJl j . k;„ , i Ja— «jS acid 

jjjjLxuijiijS/l 4i-fua JcUj Joe. CjLjj jj—ici Ja>>J xJj C'ft^ mi'vSU 

tlyjjjjJl Jio oV.>sjsJI ojbS_>« ^« ^sjm <-j£ Ly>-Sjj anthocyaniiie 
.tibis JSi cil^-Jl »kj Cuffcic acid ^u&SJI j Rutin 

.(B) 4#S1I 'Rutin —SI (A)t> <JS o^Wi&l c^Ulii 

^Ji ^AjSj*. M ao f Ua Huang & Elbe t> <_L_S u->> 

^ kjjli ^ou-olSI dUd (Bctanine u^j^ V»j Aaft j jkiJij 

jl jsJl <Lu j»Jc tjSjj ^ii&Vl yJjlj (^a ^ AaJLai j *U!I ^ i-j jjjj 
CilAII yjic- <~ij«jlS SJyJc CLiUIjJ ^JJjaJ Jfll j UjJU*3 — J £ — * ^ *\! 
jla ^ j^S/l j j^j 4jl ^xjj Ai^-oll Thermostability tj J j— 
J Jia.jl US .JjVl c^bSj* V ^a-J%B f .i-*Jl dClcL-iS 

.(jS-al U ^ijjuaajl 

MPLC f-^ 1 ^ • <A ° tV ° ' 1<5 8 Jj* ^ J 

3 \ cj&Aa, l> cjs j j& 

i_jS ja 3 Bctalamic acid dLM li-_ull o±—*^ <^-J JkUl 
j51j C'y^l" cUipu 5-0- glycoside ^jSjk&jl -o Lj ^Kj , , „\ l 



Hi 



J&lis <±i^jj ts ^Sc JaUall li* J cs— ^ m^— 11 u*-^-&*Wu l 
Aj£jjl£u ^iajj (H ) fSj lMIj (J* 1 ^) •VULjall oix_-«v 

electrophilic character V^jj^ 1 o 3 '^ 1 J lP 1 ^ fr) ' "^ 

JawijJ UjJjlj ijAoj (JIAjSjaII «i$J ^gJlstll JaUuill Jji-uAI (^LmVl l^S J — *U 
jjll Jajl jj SI fa -pa Ajj CjIjSj — * illlajjl_JjjlSll 

^jjjuijVi t> lil ^ j (jjLoj t> Uaj* polyene hydrocarbons 
^Jajjj ^iljjJI JSjjJI ^ Oj^j— ^ (j— 1° lS jj-aj J isoprenc 
-carotenoid jjJuS jj&IJ y-L-Vl vyS Jill Jinll c&iil 

jj ijli_2u l_*<; red j— **SM J Orange < jr -JU& J yellow 

'0°) f*J Jj^aJLj j-» jA L£ Aji&Vl (ji djlAljjjjjjlllI 




Mo 



Food 


Concen-trution(pi>m) 


C 'limits 
Spinach 


54 
26-7(i 


Tomatoes 


51 


Apricots 


35 


Pouches 


27 


Apples 


0.9-4.4 


Pons 


3-7 


I A'ltntns 


2-3 



^auuiVl (jiJ) J*wj J »JjS-ftj j uAjUi]I tJ — S ,, j"i jjIS]I jjlil-jj 

lLiIJjjIuj jlSJl jjj US tiLdjlfill oOA jjlc ^)iiull <>j "v'i A,}— jljjaJl 

^^iVl Jiiill y£ ^ US ^Ijjjiu jjlSJl J}i }a log yiiij j jj-*4»ill 

*> Jpji ,i dehydmgcnaiiun aH*jj4* j 1 hydrogenation 
^uVi v-uSjj1i ^ Cyeliwition ijik s AaijjjSli aIXJI (> 

!AS ,1 jJ Ji ^J»-> .yikJl .ojSi cjjL-uJl dilJjji_J3,jlSJl 

g-i j sV iUJi ^uS j ill ( rr t rt ) JS_JJI ^ 




Ptiyioenc 




Phytofluciw 




I-C»roi«n«i7.>i,7'.X'-lc(nihyJr(vi ) i.i ( i<arolcnc> 



Ljcoptne I v.V-cifWcnc) 



Monocyclic Contents 

I 





y-Cwrtcnc ( y^-ciiweiK) 

P-ZckuxXciw 
Bleydle Carolina 

^^^^^^^ 
a-CinMcnc ((l.c-onHcnc) 

f*-C«r<Xcnc (p.p^nMtnc) 



Liiicox mil hln 



HO 

AurpKHiilliin 



HO,. --^^.011 



Ncoxsnihiii 

Dtcarbaxyltc Acid) unit Etuis 

Mm 




HOOC 




COOCH, 

Uixin 



(l-npo-R'-enrtveniil 



tv 




Zaxinlhin (^-cirotcneO J'-diol) 




l.iMcin (p.c-cur 'cnc-JJ'-diol 




ViolMinlhin (z«xiniliin-diepa\idc) 




Mmiiounihin (S.J^poxy-S.J-dihydro^ ,p<«rwene-3.J'-<Jlol> 



polyeilC Aj*. j j-J -kjl jj_SI f.l_x. jJJ_£ jjAA iIAjS 

t_s £s£ cL&ja ,jc 6 jlic ii£Mj&Ju\ Jll J (j* hydrocarbons 
ji c Lutein , Zeaxanthin <^j£ OH ls ^^j^> 
^U-o 5 i Mulatoxanthin , Violaxanthin Ji— * ^di-^s— u£j#i 
Bixin , ( "meet in (3— « C'ooH df— ^Sj^jS J coo- ji— J 
•Capsanthin cjaUL^IS CO u.A£ ^ J 

iFi-carotene iphytocnc cte&jj£& 

(jjll j precursor compounds klji jl cjLS phytofluene 

(j^ll 5>mM Lycopene oHjSjill -Sij^ 1 £>Vj*j1I ^j— & ^ ln'i 

.CiOijiu jjlUl (> l^uj J12jjJI JJ^-aa 

Hydroxy ai^jj sJZ tr _ jj^JI cAAj-^ UJle ^.Ijo-jj 
jla JUI Jjjw jjic j t^uA^ll ,>iU^bU 'i j^ua carotenoid 

jiijjlS, liu ur^jjAJA _r m^j* ls— ^ csi^i J ffi J^ J*" 3 * 1 
& Cryptoxanthin u'-^j 3- hydroxy B-carotene 

myrislic ■ < Vn..ijjJ s Lanric 4uj^ t* J 5 —" 1 s jj— u— ' 

.palmitic 



Ciiltivar 


Phv- 


Phvto- 


B- 


4> 


V- 

i 


Lyco" 




toenc 


fluene 


Caro- 


Caru- 


Caro- 


pene 




(1) 


(11) 


tene 


tene 


tene 


(IV) 








(VII) 


(HI) 


(V) 




Campbell 


24.4 


2.1 


1.4 


0 


1.1 


43.8 


Ace yellow 


10.0 


0.2 


Trace 


0 


0 


0 


High Beta 


32.5 


1.7 


35.6 


0 


0 


0 


Jubilee 


68.6 


9.1 


0 


12.1 


4.3 


5.1 



Carotenoid 


As percent of 




total carotcnoids 


Phytoene (I) 


13 


^-Carotene (III) 


5.4 


Cryptoxanthin 


5.3 


(3-Hydroxy-fi-carotenc) Anthcraxanthin 


5.8 


(5.6-Ep[oxyzeaxanthin) Mutatoxanthin (XVI) 


6.2 


Violaxanthin (XIII) 


7.4 


Luteoxanthin (XIV) 


17.0 


Auroxamhin (XV) 


12.0 



Compound Conjugated Wavelength, nm 



double bonds (petroleum ether) 

A. Effect of the number of conjugated double bonds 



Phytoene (I) 


3 


275 


285 


296 


Phytofluene (U) 


5 


331 


348 


367 


4-Carotene (HJ) 


7 


378 


400 


425 


Neurosporene 


9 


416 


440 


470 


Lycopene (IV) 


11 


446 


470 


505 


B. Effect of the ring structure 








Y-Carotene (V) 


11 


431 


462 


495 


3-Carotene (VII) 


11 


425 


451 


483 



^ jjU-oSi (*\A) ^3 j Jj-iaJI ^-ajJj K-jllkj LS J_yJall u-al — i-<ai«!jU 

J ^ o-^j cjUjj jjisii £i y\ o^u^vi cjl j| s ji^yi J 

ciilalsJl a carotene ojjjj^ Ufylj B- carotene ti£jj& l^JI 
ojj&J ^.ia.] yjSi y- carotene o£ jJS UU. aJU Ui_jj i*— iii* 

j^Si ijjjjjlS WS/I 3JU. (ji Lxiu 1 O^jjS lPj^ u£^I ^S ls^ 
^ j ^ j j J^jl j j <\ ^ ^lijWI U-JUI c5.>^J ^jU_£S 

•pro-vitamin A I 4>« 

cjU.jj Y • • < f.lc Anguelova & Darthesen t> JS jSIj 
a- oj-j jjlS Ull j Lycopene Oajfcj^ ^Ui^ i> JS <J_1=jj ^a-a 
j^Jc. Cjlamlll "i^-Sl j4 J5U> p- carotene ll_uj carotene 

t$jl jfij c«^A jjlSUSi ^ & jjW ULL ^U-uuL c^-^' l)^ 

US .s^uuSbU lUUS UaLSo jjici ohj^ 1 3 'Hydroperoxides 

^ic Sa^bU i>US jaib tsi jj <o_Slj A hiVM cjl 

^ , Sjlja. ^.jJ ^Ic djliujjlSSi (Jk3 lU- U^J «t*«J* J^J^ 



C1£ja <jl Jia.ji Jalj .^VV Jo Uo ililj-a A *\ J..1... mj u lei 

OJjSil jifti LaJ s^bU Si ...n.SI jS^i Lili j BHT 

Physical properties of carotenoids &|JUjjjjjjl£il 4. jt,j t ihl l qoIjaJI 

y^uii ^ la! j pLaJI ^ ijbjjuil 3 — LIS j_jo A ^ j__aJ 

. :Lipochpochromcs 

. Jj>]| J <3jbla]| ^ jjll Jajl AJ J| 
JjaII oaL-a^V t^^JI J Jail t> CjVU-> A>jJ ~£ 

.OUkJl Jo JuJ ^ liS j *Uj&J A^jjll 

p._^l Sjj|j J ^L-aLaVI fJS Jo ^.AkluLoJl i^jjIJI p _jj Ji^j -0 

.Jj*ll 

Sjj^JI Jo <poVl J a> jj ■> ^ -1 

■Cis *jj-J t> tili JiSl ^ j Trans o^ 1 

J Mj*5 V Sjjku i^, diAj^iijjjisai -v 

Jia ujU g- j3 ui^ Jo edifljjlSB J S^jj Jibj -A 
,JaUJJ jU J sjja.j*a Lycopene si* J iiA_^S/l o— • 
J ,| ^ Ulj ^yi ^ pl ^ ^ 



Chemical prperties carotenoids ^Il^I o-aljaJl 

JJJ^ji ^J^ 1 ^J-^ A^iiLuia, CllLS dll Ju_^J jJjjlSil ~\ 

SjljaJ OUijJ ^ 4^ ^jioVl 

fjjjj jj=vj ^ a^o^V 1 uiVb cjiajj^jjisii -r 
JA ^jjj j .Lipoxygenase j^j^ljjJll 

LLl ^ jjj Mailard reaction j j^Lm cj^cLJu (^-J) 
s jaLII c£ka\& jl Capsinthin cjiuluiSll kj^.s.i_u£i 

•polymerization 

tp-lonone ia- lonone i \ "^V i g^j— j j— P^j ■ 5 — ^ J 
jj^ ((jjj Uli Cy—A At\ ,* M x> p-damascenone 

CiSliuJl oik J j uauJaII (jJc neOXailtllill OjSuUSjaj 

Use of carotenoids in food processing 



(^jjuiSjjjill j Bixin Qj"^!! t** ^ ^ "yjj^ ^ j . u*3 <j—$j j 

j^a»Vl (Jslill a j—j tj— jII Oleoresin ■•iLJ jJJi^S 

^jjuul j 3Juj-aS CrOCill -Uiua j^lc. £jl jic jll <jjUll gnlVhmll ^ j3 — 3 

%.,\ .,0 (jllj* yio jjLJ jjcj f UJ| Jaijjl Caij t^jiaoj 
^vVn .nj ^juiLkul ilibSj^S V :Y ^ijuaij ^jSijJS illu tl ill '"''V j' 1 /' jj 1 ^ 

y-Carotenol , Canlhoxauthin j ^ j.vll 

^Oklufi t^aJaJl JaUSull Clli ^IjSjJI I jLU jQo CLlLiSj *il „i__A, J 

Betalains j&MhA 
SaSUII fcUli ^ sjifu v Betalains >^ylUull ^Uj, ^ 
^ ^jiaa purple red beet roots j— o^Vl j ry» jji— ?. j &u j 

o£l j linll cjU^, ^ ^ii^ cjI ^ j_j l_»S Betacyanine 
j=^ll j^l £Ak^ ±i£ Jill (Ti) ^t-^^j 

initrogen anthocynin ^jjiull cxh*J*% j^Uwll 0 v.uj 
<*LJI ^ 0 Ujil) ^jLUli ^ l^o U Sj^J'^i '^^i l^l l_^s 
Schowrtz and Elbe o< JS f is dn*. ,U3b l^M^i J^j j^g^ 
HPLC JW ^-Ijj Ujj^jj jJliull oUju^, ^XUm.L ^AY ^L-c 



J^lSull iliLSj* jl qmLmI jJ lo (jj^juall (j-aL-alaVI (JjiLj— 3 y !& .Vol ■ an 

ciUju-J ^uuijll t^USjJl ^ VuJguxanthin oA* 1 ^ j Betanin 
t\A svi ^Uj^i>^°^ °r° q^u j^L ,^ou 



iYA 





COOH 



ietanin n - OLUcoae 

MTANIDINC B - H 
PRGBETANINt 

R - OLUCOBE-6-SULFATt 




HOOC^N^COOH 
H 



VULQAXANrHIN I H - NH, 
VUIOAXANTHIN II R . OH 



..Food grade ajjI^I ^> cjU jLII £_£s J -t 
Ojjiollj ^IjuJl ^i.^ll Cl>UUa uijjla jiib sl&l>_« -o 

iaLioll pjjJa Qia^jjuiSi Sjlja. ) <jj_iall i j all CjU_J 

Jie. AjiobU ^^Jl ijtillj ^U-ll CIjU jjI jajIj Slel -1 
.fcjIJ Jl S^SVl CiAfilii JULSii ^iij >oJ LJjllI 

yjj Jjj-ajU Ajjlojl qa jpSi ji jjc jj Jala. jjaVl L-ALjj 

^ (Ja, l^J <j jLJl i j^JI ^sLJaj ijJ JuSliiJl sU Sjj iL -A 

(jj=^au> ^ Ja ij jUI sjUI ajIc uill JSiill -I 

.AiL^ll 2b jUI Jla^a ^ *j1_,J ^bu^all Slclj- -1 » 

tA- 

















Natural colourants VtfWl 












(U'amtene (j^jj^tw 














£YA 






JIS3 u 


t 

I.yOlHMH? (JjjUjSjl! 




£lY-£"\. 






us". .> 












.4 J 


Aiio-S-t'iirdlcnc 


g^W — ' .3— ^ji" 


££0 






Rlbolluvin CxP&wj 




















«J 


LH-tfll ■ ■ -«>"l 


Lii 










Anthncyuiilnin 


0.1 jHuLaII 


£Y1 






ji -1 


Curcmin o^ja^jw 5 




£A<s 








Conthuxntuliin t^'j^ 


1 










o.r-£Y\ , 






J*Jt 


Bixn Cfr&& 




o\\ 








C'mminc at* JS> 


^jlliUl d jjjll 


£U 








t'hlnmphyll JjljjlS 




£.e 








(■lilompliylin 
















.Synthetic colourants AjclWIl AJ tUli j| 


£ YT 


»u 




> ^1 


'I'aituzinc uijV3,jti« 


fjj$ (jiyl l$jtajl«j 












£Ao 








Sunset I't'I' Cut (>o 


>kll >ix>JI 








tf J— la ll CAj jj , i* oil 


on 


eU 


> 


, «l 


Cannosine Oi"^ 


























°Y. 




> 




Amaranth tid jUI 
























0.0 


*u 






Ponceuu4K jjS^Sjj 












tfj W y 


*YV 


*u 


> 


.,1 


Iirthrosinc jjuj 










—I 




orY 


•u 




Rod 2G E Y j^l 










i5j> 


mj tfj laJI 




eU 






Endigo oj •jtS^jil 


JIM, 










carmine 




IT" A 


»U 




JjJ 


Blue V a Jjjl 












nr. 


•U 






Brilliunt Jjjl l^Ujj—j 












blue 






*U 






Green S ,j-p >«.! 




ev. 






IT?-'" 1 '* 


Block N d OhL 











Common Name 


INS 


■ .III 

Color 
index 


S tl «tt ....1 


Curcumin; Turmeric yellow 


100 


75300 




i) Riboflavin; Laclollavin 


101 I 






ii) Riboflavin-5-phosphato 


101 ii 






1 artrazmc; FD & V. yellow #5 


102 


J9140 




Quinolino yellow 


1 /\ A 

104 


47005 


■ .1 .ell J 


Sunset yellaw FCF; l-D&C 


110 


15985 


Ml I 1 

(Jibuti) uj jjc. jftjual 


yellow #6 








Carmines; Cochineal extract 


120 


75470 




Carmoisine, Azorubine 


122 


14720 




Ponceau 4R; C ocluneal red A; 


124 


16255 




New foccino 






4jl jUi jSll JA3.I 


Red 2G; Azogcranine 


128 


18050 




Allura Red AC; FD & C Red #4 


129 


16035 


» 1 1 KM t 


Indigotine; FD & C Blue #2 


132 


73015 


« 1^ v I ■ A . *tl 


Brilliant blue FCF; FD&C 


133 


42030 


. .MM » . 

i^*^ cJUJ*' 


IJlue#l 








aii i I 11 I /""if I i it* „ 

Chlorophylls and Chlorophyllins: 


140 






i) Chlorophylls 




/JOlU 


.'tis a \ — 


ii) Chlorophyllins 


140 li 


75815 




Copper complexes of 


141 




1 A l<*U t . X . 
(JjjSjjjlMl (juLxill (— li ja 


chlorophylls and chlorophyllins: 








i) Copper complexes of 


141 1 






chlorophylls 






•11 


ii) Copper complexes of 


141 ii 




chlorophyllins sodium and 








potusssium salts 








Fast Green FCF; FD&C Green #3 


143 


42053 


Plain caramel 


150 a 


Class I 




Caustic sulphite caramel 


150 b 


Class II 




Ammonia caramel 


150 c 


Class III 




Sulphite ammonia caramel 


150 d 


Class IV 




Brilliant Black PN 


151 


28440 





l^ rJ ^l^jUl Jlj-ll :(V 












Common Name 


INS 


Color 
index 


SjUII 


Brown HT; Chocolate brown 








HT 








Carotenes: 


160 a 




:oLx>3 jjlSJl 


i) Mixed Carotenes 


160 ui 


75130 


j jlSlI L j±* - 


Ii) Beta-Carotene 


160 aii 


40800 




Annatto extracts (bixin, 


160 b 


75120 




norbixin) 








Paprika extract; Paprika 


160 c 






Oleoresins 








Lycopene; Gamma Carotene 


160 d 


75125 




Beta-apo-8-CarotenaI 


160 c 


40820 


JUpjjlS-A- jjl liw 


Ethylesler-beta-apo-8- 


160 f 


40825 


-A- ^1 lijil >J J0I 


Carotenoic acid 








Lutein; Xanthophylls 


161b 






Beetroot Red (Beet Red) 


162 






Anthocyanins 


1631 






Grape skin extract 


163 ii 




i.mll iJOU. tj,«>lA"iin ~ 


Calcium carbonate 


1701 


77220 


t^y jIj) f jiuJl&ll ilili jjjS 










Titanium dioxide 


171 


77891 



— r ^ 7 7 jr — 

Berries, currants (blackcurrents) 
Citrus fruits 

Drupes (cherry, plum, prunus) 

Melon family 

Rose hips (Hipberries) 

Tomato 

Pineapple, mango, kiwi 



(«_jpll uio) JU&Hi iiiLu Jill tj^l jU - 
{ilA Jt 11) jJI >J - 

(^LJuU j f UUl j jjiiull) o j jlill *lSla - 



Vegetables as juice, powder: 
Pulses (pea flower) 
Carrot 
Cabbage 
Beet root 



(U-ill) ,V JIjM Sj* j - 

ladJI ~ 



Spinach 




Nettles (Ulrica) 




Alfalfa 




Yellow and red turnip 




Sweet potato 




Capsicum varieties (Cayenne 


4ol jib JUill - 


Papper) 




Cereals, roasted and fermented: 




Maize 




Purple corn 




Rye 




Barley 




Spices, herbs, flavourings: 




Saffron 


ji>0» - 


Saudelwood (red) 


jju».VI Jiii-all ~ 


Carthamus red, yellow (Safflower) 




Paprika 


(i^jjIj) _>«.vi dm- 


Sage 




Parsley 




Shallots 




Violets 




Burdock 




Miscellaneous: 


As* jjXn jJUaa 


Mall 


(OfUll j^l) tilj-JI - 


Molasses 


u-VjJ - 


Yeast 




Cocoa 




Coffee 


- 


Egg yolk 




Carob flour 




Liquorice 


U^jJijc - 


Honey 




Burnt sugar 


jjjauoll jSjjJI - 


Hibiscus 


«UlS jSJI - 


Tea 




Male 




Crustacea 




Nuts 




Mushrooms 





.4£i« JJC. (JSLui l)J - \ 
.jjajjlo J jjill (jj -V 

.^UjuJI jjo cTjI jj.S-v^ll j ^SLill- ^ ^ 

,s j^jiiA _jl ijju&A jl ujjjaJi— ^ v 

^*jUJi sjjas o*A> ptiik ^ c >■* ) c ^ LJa11 u^j 



.tJ^Aj SAta^M jl ^jLuJl oiuJ! oUlw-tr 

..Wl! Ji-YA 

u_uiul£Jl j UjjaJI ^JaUJI 4,^>o 1od Ui) ^UUl CjUi-l^-Y *\ 

.sU-ji <_iyji oU-ry 

<Ja*J CAjUjJI (j^ uj! j,i n-v^ij UjjSj—jjJIj <_£l — ill (j^alsu — uur-V £ 



£A1 



GMP W yi-dl -toljil ULlo-o- L«a5*3jMJj L)P*J*IJ 

GMP fi'll JcljSl 15J» ^-*U^ "^^JJ 15 

GMP A»JI ^j'n Jtl jSl liJa cALu _js -0- {jjjyijiijj (^aDU jjjj 

GMP JJ=JI (.ji.olll Jd jil lit Jj-I jlSlI Ji IJeU) JaJl 

GMP JJaJI ^jW r>"ill Jel_jii] ISJb j ^1 Ju 

gmp jj^Ji ^i.^aii Jtija j^i jisii ijjJi 

GMP jcljil ILL .oU^ ji-o- Oj&lAjjjjj (^CUjuj^io-JI j ^1 Jll^ 



i AY 



UJAa-JJ A««J> .< a j| L-iLoi _}Lual 'OdJ'jU"* 'f^J^' jiual 

/ flja-jLa JyJfiV itsLduSjSJl j alV j um i^jliSlI 

-A- ,j| • lljj jU J£l * JLip jjlS - 

jl ljjiia £jl JSJ fljajliS 

^ ( jiuVi 

GMP iuJI (yWill jcl jil liio-o lM»^Sjj3Jj Oi^JHJ ^Of^ 1 J 51 ^ 

k-iSj^j ljJjSjjBSj JjijjlS lOliuiji 6*-^ ipW 3 lW-" 

GMI' JJaJl ,yii-aill Jeljil ULlo ulllAui ji-O- (^Wij^JJ QjtASjJJJ Jill ^ "iLiui 

GMP Afc-H <yi«^l $ ^O&titXJ) O^JHJ 'f^J* J*— 1 •SL-J^'j trfJ-H 

H^LijjjlSj JjSjjK niliuijj-o- \^ WuA JfljuJlj 

^Ija. j!LS / ? Ij»jL. ^ • < «0jlj3aSll i5L>5iAjSll u^"'"" 

LJjlill J^aiVI C^J^l <0£_&J 

GMI 1 4J*JI g> «ti -se-l >>1 ^ J?-^ 1 J- 3 - 1 'J*«< J 511 fJ 8 ^ 

^3Lj jijjiSjljillj 

1AA 



GMP AfcJI yL-aSlI JcljSl ILL jail! jaJ 

(%t J* 

GMP JjaJl ^jV. ASH Jul jil tiuia Jwljl£H 

0}*«SI ^13 t( ^jl^jiil ijifiJI Desserts)) jjil 
^ 0, (> li^vjj ; U*v«j*=J ou*£j£5i jj-ikiuM hjjIju&i 

JljljJS-A-jjl-. I%J>J 
liijij jl SJjil* ciLitf t^jjA jlS (_j jji ^jLuol 

GMP ahJ ^jLdl jcl^l ILi, .oLL.jj -P- cx&a ^jj oP±shj (o^H CiJLm >• 
u^flj^/UjajL Y, 



till jjU ,jlS i J*«i jlSil .^Uall ijW" ^* -i^i 

V« • jjd ^jjV v .. \ ; |> i ) : Olauw« ilUiii^SJl (jnlVitin ijJjljSJI 

.cuUii >«^i * t -"aJi j^Vij 

A H» tuJ >LJ J# iJljjfijjlS 
JliiSjjlS 

CiMP iflJI ffLfll' j&I >il (Jj-I j^l Jj-jIS ^jS 

CiMP AffJI frji.*TiM JC.1 jil Uiila l+J £ J"" ViA 1 J.^ 0* CAah&J 

OMP a»»JI ^li-iill Jul >»1 UjJb^U^jj -o ^ja'Jls^jj L^U«J ii *' UB Ol^jftJ 

^ 0 ' CP ^Ji ^ '■■ '.1>M ***3a-< .>*»' »"3^i>ijSll tj nKlnm t^jJ^iiSJI 

' e \j*tej oj3V>i 

'v^jlSJI >ii^l J y*U\ 



JliiSjjlS - A— jjI- LyJ jluil 
GMP Jj?JI j&ljil UiL,^^^ -0-- iJjsXs^jj Qjstsli^yjiJy.^JI i_i&lS]l 

JlifljjlS -A-jil- tlul ,^1 

\o. jjjj V (ibLSjSJl 0 ol^ IM <Ofl>ySJ! 

•JlifijjlS A-jj- tyj 4 tfjA t^jSjl 

GMP^ll^l^Ui^ _ 0 _ oWj|)jj ^ JjJj ^ 
°« l> V c^U 4*^.^ i^jSII L|J ,U-i... 1 .^yljSJl 

•JlifijjlS A-jj|- u„ l0wj y 



fulfill A>u iSl ^jJIj iQuLun jjiil ij^JjII 
0 6 A)>l ^ ) >**.! ♦'JUiijSD 

.vjjlili i^tU j^-Vl 

JlijS j jlS • "A™ ,jl - llu] >j ^Si 

^eJ .vsjjjU lOOuijjisi , j^i^ P i#*aJ yj*s 

niljloR J>^aSl\ J^S/I j4 Ul IU. ■ y^'" 



L*J Libia j)' '"-"j i 

GMP -iffJl nJl Jol _jSl ILkcAi*. ji -o- (jji^ijjjjj i^LijjjJ WjU ^lii Ci^UL. 

^ » • (Jc Ajjj V ''*',;*>■ AjtAlaua JavI (^SLuuijSlI (jri^'tim 'O^W^' 

4 cuiai .^oii jjJsri 

JUp jjl£ -A- jj- liul JIJ ^51 
GMP ^1 ^Wlll Jcl j2l UaJbiiliiji -o- o^JSJj lA}W*JAU S ^ u - a 

ciuBll j.iiVl <t ^sUI 

JlifijjlS -A- jjl- liul JJ ^51 

i— IjjC. jLual 

GMP a*JI fcji-dl Jtljil UJ,^^ -o- ^jyjj OtfclA^j^iiS/l CjUjS JS 
o« i> AlJj V liu^ij ^l-S^j^I »5biijS3l o^liivu «cal>ySJI 



.v-uUJI m^'I .^."iUl 

'J'**' « A Iuj , Jj wl , Jtt £J 

.I'.MItllS .\ *ll U*J >!«.! 

*Utf&i i*_iUjf:,j\S . J^t jlSJl 

* tulull .i*-Si ij*X/h* Ail » 

«'<.Ai^»»Ul j mi t j' n m tjJ^lSlI 

•*.»Ut i^-AH j,Jj|I 

jvh» n «i a y \ uj aj 

,1 j*. A6 / U >wiL 
^ ». *b£ / U >mU * « jt jj V 

,{ / ri ^JiV' j'jdl UJU^ • > &J CjUjU j.>iiuu.L -^^^ iliUj^ 

1'illin^ , dialing 
DccumIiuiih 

°" -^>V ^*-V. , 4«»4- ,*AuijSJl jjLu^ »jJj*)&ll 

,^»Vl .^-'All .iv-Vl 



JLySjjlS -A- jj- tlul JJ ^ 

"\Ot £p ^jJj V k!uuj<ukd<jo1 <5UuiSj£JI (j^lVinm ijJjljljSlI 

jLujJjlS —A- jjI- LLul JLual ,^1 
Jjjj V ^ujaj ji ojjiia 1 jli'nl ijjjj jj^jLS l(jjiA»ill i_ljjc jL_al 



Food Acidity 



lijjLj jj^ U,ilS j titratable acidity X±JS& L^j*^ j pH II 

Uiu pH meter jUa* *J*J jj .>& ^_j*aJI ^Sj c jiVl i>js foil A« 

11) j> t>L«vVl t^tfij .Quality sj>_*1I j Food flavor *<-j*.Sl\ 

J^hj Uj ^uajAaJl sjLjj ^ Sweetness s _,:>UJ! <JJ& J) u±p 
J# tiiliS Ratability ULS jaSLU! Jb <^>j 

4j1SJ1 AjJaj^cJI Wij pH — SI Ajuk, j^aJ jli j — SjJU J_l^.j 

Jj=JI OJjSj ^ULc pH -J 

i^jUlw aLui ill jJa, Uiio jj j ^oJo jxaJI <i_uu <Ja_j 
4jU& ^SS U jjc j ^ab Jjill j ^1 j>a^ ^Vj£i1 kj, ;-,,]! 



5 -ill J ? faiil ^ du&^Ut ^usxa. 3 b u„ u ch-JUll jmmL-a. ^ — 1& 

. JsJI ^ >'\;UI> w ua*a. > wowjl ^ si) J* >U w w**a, j jUTi'l j OlUwVl j 

J=»j*« J* Total titratublc acidity ajKJI 4*b>«J j&) 

j. £m J a-* ( ^Li ^oIxLm* J » ^Lu "UlljiJl SjL»1i Ai jr. 

^ jlll ^ jlill ,> CjUaVUl Jit uAmJU 5 i Jjlxill *Jati J^Jaul jL J >4Jj j ^ 

<m£ w-jLmjJ .iiLJl ^wxokil ^ilSLJl ,j j >-JI * V >-■»»" *" f — -j 8 >..,..i U ^, \ l 
. Jju*;^ j^iS jrb JJj JCu Cuu* j^lill JjJ/j 



4S jilU 4 
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(j^UJtfl tki'ebs cycle acids o-jjS i jy J Jus h j . . n.l l 

<>i* jli LJij j amino acids Jjij-Vl o^ 1 ^-^ 1 'fatty acids V-^ 1 
<jL& J L£ titratable acidity kkafil l ^k> j^JI ^ ^^ufi ^1 — <^Vl 

jj& ^jJauaiiil XMajAaJI jjl 3 li — jjj 'COO (Jj uiSjjjS *ic j— a-\a 

<A> predominant acid ^*SI ^4 s^LJ J 3j Uill j«J 

<Jla till jjSjOJ As. jJ AJjjJaxJl <jJala=v.Vl t>» ijJCjj (j) ' t - J ^' ^ 

tjiuoL jj^u Uuj L_ii«JI J ^Uajll JjS L» <k jj__wu malic acid 
4ylUll ok^- o!^ j* (jr-i tartaric acid 4)>-k _>^l 

(jCjj pI j*- bka Jibs V :Li>_jAaJI <jjuu (jla IaSj 

(jS/ «ljj£ JJ cJaVl [jiuiaJl fJ-lsub jl gjjaill ti^lj* w 3 <ji»*1 — ajl 

AjLuJI ^5 jjuuII (jiuaJl <iuu Aja.j (_>uLuil < _ s Jc xJ 3 , u j^aJl «b 

^jj J US 15 JL£1\ ^ 4jjIuJIj ujixJl J 4j»JI) 

J 8 "* L£j*t y Jl^l ^jiJ s^ja. j ^La liA J&j Brix / acid ratio 

£Li_Jlj horticultural practices <cl jj— II CjIj Ur. jL-« J*l j_c 

•Variety ^ jSB J uji-Jl j Climate 



o. ^ 



J*2\ j£ jSj SJiUl uCaUa-bU ^LuySlI Jill :(Vr) j Jji.^. 

**£lill uili^l 



Fruit 


Principal 
acid 


Typical per- 
cent acid 


typical 
"Urix 


Apples 


Malie 


0.27-1.02 


9.12-13.5 


Bananas 


Malic/citric 


0.25 


16.5-19.5 




(3:1) 






Cherries 


Malic 


0.47-1.86 


13.4-18.0 


Cranberries 


Citric 


0.9-1.36 






Malic 


0.70-0.98 


12.9-14.2 


Cirapel'riiil 


Citric 


0.04-2.10 


7-10 


(i rapes 


Tariaric/malic 


CI.H4-I.IA 


13.3-14.4 




(3:2) 






Lemons 


Citric 


4.2-H.33 


7.1-11.9 


Limes 


Citric 


4.0-8.3 


8.3-14.1 


Oranges 


Citric 


0.68-1.20 


9-14 


I'eaehes 


Citric 


1-2 


11.8-12.3 


Pears 


Malic/citric 


0.24-0.45 


11-12.3 


Pineapples 


Citric 


0.78-0.84 


12.3-16.8 


Raspberries 


Citric 


1.57-2.23 


9-11.1 


Sirawberries 


Citric 


0.95-1.18 


8-10.1 


Tomatoes 


Citric 


0.2-0.0 


4 



Suzanne (1998) 



JiUttj S CJttzlkh ludUJI CSb^l j c^LluoJi 



Concentration units jtfSj^ &\<**>J 
J w iuliiil i jJ ^3 tt&i-J Oli jl*U ^-£11 jti^Sall pI j*J Jto 

SJUa-a £l\j&Ju JJ^SjII ^ 3 i^V"-!' 2jLiUl jAl_y=Jl J.) B -»■■> > ■ 

prcentage lsj^I jAj^' ^'j^U ^L-pc-Vl J l-^> aA-juj 

J&i (> Molarity JjJ jj£ JjIIj Normality lSjW*- 51 j^J 111 

(> JjJU 3^»S1I Molarity (M) jIjaII jj£ j& UM .Sn" j 
Normality ^jUJI JjSjUI s^j Uuj Jjk^ll ^ jslll ^ 2ji<JI sjLJ 

2Jjuji i*^,^ ^jUJi jaSjuij jjA j£ja\ on as^c .iiu^ 



Aj_j13 _j 5jyia jaa. Jclij jA (J^^l P jil Ln-JJ — * ^■ rt ,, )„ ll fl L j 

tiUiS t Jljlkl j SiuiSl Jc-lii j»i ^> JjLii J &Ui ^1 

(-iSj-al Jljii.1 j SAjjiSI (Jclioll (jj^J .19 (jja-AJ (Jcliill «U3 flj J* — 
guljj . ^ > >i <Aa ^1 <_S_$1S Jauij ^ Jc-Liiil li* (J* O— l Oi — 
4jJaj«a»JII C£Uilij AJLa. (^3 J jSj lilii ^lijajjl j .L_iSikj LJ j — ui Jclij 11 

Ai& t> (>aUa.Vl _a <«j§ oli acid base reaction *j>fill } 
(jjiJi _a (jla idli jjlc j tJcliSli ^ AjjaLunll jjJo^ll Cilj 
(j >>*-». aIa Y jM ^jLuuj liLjjlSjjAil tj>i<Q> 4 — ILa. ,j — a Tj 3,1 ^ 

.liSA j tijj*" j*" t>*«> aJU j^s V jl Y jl ^ ^ jLuu — a ^>jS 

2^la-« aic (jc. jjju _a a^js £li .id jail j diU jlall <1U. ^ UL- jj 
aIU ^ T^lj csjU ^ IaJj JtlicUl y-i U\x*i uJI Jj ^jjjuVl 

AH^jjAjl Ala. ^ Y tijLuuj fjtfJ3jjD Au^SjjJ j f.jpj—JI Ai^JjAs' 

Hcl + NaOH -»Nacl + H 2 0 

H 2 S0 4 + NaOH -> Na HS0 4 + H 2 0 \ - -a 
L ► NaS0 4 + H 2 0 Y - _a 
:ul* NaH 2 P0 4 Wjjaj^I ciiliu, ja Ju c X«Vl aJU 

.<JajA2>J| jjjiiiS CjILui jail ^tL JcLii Jiic Y = ft, 

•C^ 1 (jt* ^J^jill jj& :uo V = __a 
o-U ^Ic- —A <Laja jjsj J jii.VI j S^-SSfl dj^lii iLJU 
J^jJI Vji Aij« p jl Uj .JaUill Au^hll ^ ^ 



o > o 



M h O, 



0 



(HI 



M„().. 



^uS J >iil > Jt-^j J ^ J* Y ' — * ^ ^ ^ ) 

.Lis X __A 



jJ_j-S JjS jUI x ( jil ) J^k^l ^ = J^olb AjIUI 

( uj ) SjUI t> ciiUslSJg - (I) SjUI o- i^iaiLJb Jelii (jl ^ 

^^kiuJI JJUJ ajjLc J s jS jpiil ^La - .^i..,-, L-»S 

.U*J ji^ j^uSll ^ifUll l^jj _ j 

. <_jj|^ui]| jjj^ 4 jU ■v j 3 i'a*| — O 

jx&to iuLo ^j^j sj^i aji^i s^ui ^ ^L^S/i 0 i* j^i jjjU 

lH XfX&x c 

L)Jj X ^ » . . 
o . Y 



^jiliiji fcjji ^ ^UJyi ^-iULdl ojj-51 P 

.A*SUyi ^li^l ^L^vbU 



^uLUI ^Miill aj^I oi,U^U WlSJlj 2uL>Jl ol jjSlI :(Vo) Jj^ 



An// 


Chemical 


Molecular 


Equivalents 


Equivalent 




formula 


weight 


per mole 


weight 


C'iirk* (anhydrous) 




192.12 


3 


64.04 


Citric (hydrous) 


lLCJUO/Il-O 


210.14 


3 


70.05 


Acetic 


I It VIA 


00.06 


1 


60.05 


Lactic 


IK\HA 


90.08 


1 


90.08 


Malic 


II. (VI, A 


134.09 


2 


67.05 


Oxalic 


H ? ('A 


90.04 


2 


45.02 


Tartaric 


haua 


150.09 


2 


75.05 


Ascorbic 


1 1,< ' A I I f ,C\, 


176.12 


2 


88.06 


I Iydrochloric 


Fin 


36.47 


1 


36.47 


.Sulfuric 


II.SO,, 


98.08 


2 


49.04 


Phosphoric 


H,P() 4 


98.00 


3 


32.67 


Potassium ucid 


KlICyiA 


204.22 


1 


204.22 


phlhalute 











cjLUc. Lowry , Boasted V>ki A-io pH ^^oJ! p— S j 

iiajliil! fJiill ^ j icjti jjJJ jjJax-*!! <-£ jaII > j acid ^UJI 

•dPsj^ Jjft***H j* 11 base SJelill 
socla ^ o^Aa. ojj JeUfiB ^ s jW» Neutrnlization <Ji*i_ll 



Hcl + NaOH -» Na cl + H 2 0 
Acid base salt 
hydrated protons — j ufcjjy U ^L^Vl 
•i&ljill jjSi Lujj (H 3 0 + ) hydronium ions f jai jj^JI ciiU *i1 ^^-^ 
.SjSU JJUxJI ^ hydroxyl ions (OH) J^i.;^. CiU ^ 

H3O+ + OH -+ 2 H 2 O 
molar ^ jV jU jLi sjj_^ ^1 v. B J 

£ul^ Cut* OH - , H 3 0 + cUiJ t> concentration 

.Kw pUU JSiill 

[H 3 0 + ][OH'] =Kw 



u\* ( J" jll ) t^-iill pU-oII 

I jfci ^ Jk3 Kw UjS tfi J jj5 pj^jjo^l 

.LkJ JUI P.LJI S.icla AiUaJ 
f jMjj^I CAlj-J (VI) Jj^Jl z-^jij 

pH -Ji x y ^jjttf ou^I j^jj 0j _£j 

•POH H^J« Ou-SjjAjVl ChJ j£j J US .1 ifjLuu 



u^jj^ 1 uw (vv) ^ j Jj^Jl 

lAjjIio 4jjc J jIxaJ pll _J 4_<ua u-iLuia. 

-pi I ~J <*jS La » 

pll = -. Log! II 1 I 

a -Log 2.24 X 

Log 2.24 = 0350 
Log 10 4 a -3 

pIIs(U50 + (-3) = -2.65 
pi I = 2.65 



/•'«(«/ 



t'wla 

Grape juice 
SVvtMiUp 
Sehiiz Ivor 
Pure water 
Tap water 
Milk dI' magnesia 



2.24x10' 
5.02k 10 4 
J.55xl0 4 
7.45x10 5 
1 .00x10 7 
4.7Hxl()' 
7.<)4\10 " 



4.Mixio" 

l,7S.\10 
2.K2xlO 11 
1.26x10'" 
l.OOxlO -7 
2.09x10* 
1.26x1 0 4 



11 



UK) -1 
lxl()- 



14 



lxl() 



-14 



14 



14 



1x10" 
1x10 
lxlO" M 
ixnr M 



0\ • 



pOH - J <pH -J ftjSj O^jj^j gfrjj^' JjSJS aw i(W) f«J Jj^- 



1x10 


0 




14 


IO" 1 


1 


IO" 11 


13 


IO" 2 


2 


Kr" 


12 


lO" 3 


3 


IO" 11 


11 


IO -4 


4 


ur" 


10 


lO" 5 


5 


10'" 


') 


IO" 6 


6 


u 

10 


8 


io- 7 


7 




7 


Iff 8 


8 


Iff* 


f> 


IO" 9 


9 


L0- s 


5 


10 -.o 


10 


IO" 4 


4 


IO" 11 


11 


K)" 3 


3 


IO" 12 


12 


10* 




IO' 13 


13 


IO' 1 


1 


IO" 14 


14 


10° 


0 



:pH —SI 4-»jS 4^jlauu ^jjJjVI «^jUjj! jjSjj ljLua 

jA LaS £,f ^ -0 pH —11 Ll_j|jlC. I jl i,r.i -*ic lil 

pH = -Log[H + ] 

4.30 = - Log [H + ] 

-4.30 = Log [H + ] 

i^j ) J^i ^iJ^ is® u- J-«Sj 

.( 5 j4 JI3B pSjB u^ yiaJI 

- 4.30 = 0.7-5 

antilog 0.7 = 5 

antilog 5 = 10' 5 

[ H + ] = 5 X 10" 5 M a^jj^Vl _yS ^ 



;jsu AL\i) pi I — ll ) ^gi oA».l 1 aAa. ; a ;lASL4 ;J*J ^1 jli IaI j Aji — uia. 

<i jAi^M villi jji jjS jj JlliJ S jjic 0 jIaLo 

4} , 4, j , jajVi ) 4w ^ tJ« aj nil iji.UxVi 0' ^ i ^ j 1 -*" 

j±Amx>J\ JC AjjAimJI Aj fill *JU. pi I _J| AmqjS oJjSjj 

pi I AaiS ,jAaju ] Il'l u uaA3. tjli JUlall Jluui ^ k- } Ajj ,i>w,B Axis uJaJl 

Jl{ 1 AaiS cJb jA*Jl ^-a^a. ^Un 1 Lulu 5 S ;l ^, Aa. jj Aic ^ , • Y Aj jl — uu 
.j»\<5 Aa. jA Aic JjIjj 0li < >iMJl w una j>» AalS %^ tj) iJiaia. Y.A1 AjjLum* 

Hamlet-son Hasslbakh £U — uJl * 0>— "j" 4 ** a_— bu* 

equation 

)i dissociation a££*j a*. ;aj > ^jaAaJl ifi jlAjj Aiw — ^ 
JjuLoj aJc J f .,n->li ji-u ojaIi Ka a*o>aJi CuIjj ionization al-jIj 

II A V * H* + A 
I II' 1 I A I 



a = y c 

t> jjsu y Uiu JjSjjII ( C ) , activity aJ&UJI ^ a W-i 
^11*11 uil j^iVI ls-^ 15^11 activity coefficient ki&lB J_^bw 
olijjaJl c^jiVl c^jsllj interionic cjUjjS/I oj—j c^j-ill i.n ..it 
u- ^'u j lsj^I ^ai^ioil jjS jill jj— ij tintermolecular 

J^Jj CjULjS ^ j c^iiVl ^11 J| aJoUII j JjSjiil Ojj cjj-iJl 

cs* W- 1 * l£ c> ^1 ja. * l5 > v ^ . J&j=l ) [H + ] o^-jj^jVl cAi j 

.( JSU 

2 H 2 0 ^ H 3 0 + + [OH ] 

[H 3 0 + ] [OH'] 

Keq = 

[H 2 0] 2 

Kw = ( 55.4) 2 Keq = [H 3 0 + ] [HO]' 

US Kw 

pKw = pH + pOH 



. * t - pKw -Ji <ajS j) «lus> v 

^li )^» jj ^ *CL fvUll v_jl uioJt JouaIi J jLudl f jUu sly—* Huf'it'i" 

» jjU-uJI Cjluauwt n>* > UuJ < Jjia-*!' ,*-Hfi J— SL*f) > Jj tS jjAjVl 

J ^ »* j» Uk U***jJl w «»Ua.^ lUrtltUUl CUI'VCS 

^iL-aV PH ^jrW-*;^ 1 w^' 1 ot— » >-#ul» Jih-JJ c'Ul 

vlijlj U+l J,j l , u » *i ^Ja^a. ! •LuUll J > , SU^«I1 (( )H-) JjX— «S jjJ^Jt 

jivoJi ^ii. a ^Uil 1 yrij .^li ^J' ^le. <t.r t t," U Ku 4-ij*J 

^'.J JtUili J1*4»j HA ^ ;.*m*\\ J^aJi Ji Jlu-S,;a»I 
IIA Kill « » A ♦ IU) 

[A I >S >i J'uJ ;l 5 j 1 1 A J w ***aJ >^ > or* ^L_iajl 

jl v!' .. u . > 1 Aj jLhwi sluu ^wiwjJI ^-k—aj jj&J h \Jaiill j—S h ...i>^bj 

♦|A I Jais i*. jj j»Sl> HA oS'ua j& V r <Uil« ^-JilHAJ = (A'| 

.1,r ^jl ^ pH ^4 a*u- J$1m& w i**aJl J**u} (h) ^jiaJull Jl } 

J »Sj 1 htlt'i'ciVtl StttUtiuil ,JiuAt» Jjia-*ll <jU <Ufi Jj-Ja^ 
J jSu slua> v »w ■ ial^ w i W.o> 11 pKu i«aJl Clu\I> ^1 ^ (J — Jci j vlajwJ l 
^ <*kujl vi+S'j*-*!* ;.■.■» I jS-u <il iaa.'X? J v,,l >,j J | II A | - [ A ) 



J jjtil Jl P H j^jj^Vl o»Vl J jaaB Jkji J o<L*J t>j 

^^[A-i.inA] 

Ka [HA] 

[H + ] = 

[A"] 

: Jc Jv^au *iUI U4mS J fijjli. jUI ulLo l&J lil j 

[A'J 

pH = pKa + Log 

[HA] 



(JouiU (Jjjjjj^ 3JjLu« (j.lnfl yjUull AJ^btAll ^jIjS SjIcI ^ .Aoj j 

: jVl£ Henderson Hasslbalch equation gJL 

[salt] 

pH = pKa + Log 

[acid] 

JjSjj Jo [salt] jtU JjS Jjj [acid] uiuaJI joSjJ JjU da-a. 
JjSjS <MS |jj I . Jl jSB Jo ( .Jy^l (j^oJl jt_U ) A- iHA 

buffer system fUull J [salt] ^LJI j^Sji - [acid] ,>*»Jl 

pH = pKa 



o \ o 



CjUS^Ji ju^xJ pKa <^ >a»Ji ^£ r& (v«\) j J?^Ji « ) 



lu> JlmII iiiUH j «W*!l ...i'jS yJ' . w«>5 /iA.", # > wxll v-u'i ^» :(VA) ^ ; J 



Corny on rul 




Compound 




Phosphoric acid (pK|( 


.Ml 


t'iiuc acid iplK'i 


M% 


Citiic acid (pKi) 


U 


IMtnsphniic acid (pKO 


h.7 


I'tirmk' at* kl 


VK 


Imidazole 


7.0 


Lactic acid 


U> 


DiciliylluuhilUMc acid 


K.O 


Ikn/oic acid 


4.JI 


Tnsihuliovylmi'diyl) 


H.l 






ammoim'tltane 




Acetic ac»d 


4./ 


lit tin* acid 


l >.2 


Cm ic acid tpR-l 


4./ 


Ammonium nut 


«U 


Pyiidmium u»n 




lihylammoimim urn 


0.H 


Cacodylic acid 




'tiu'lttvluiumuimmi tun 


m.k 


Mulcic acid 


a: 


t 'at home avid ipK, i 


10.4 


Cuttntitic avid «pK;i 


t. < 


Phosphotic acid IpK.-l 


U.4 


Oxalic acid 


uy 


Potassium acid phthalutc 


5.4 


Tailatic acid <pK f J 


*02 


"laiiaiic acid (pK>) 


4.54 




:p) JB- 

- ( *^>^l ^U WJ & ^>Ji :jl Lie, 
•\,a - J^JlpKa-JJui 

(salt! 

pit pKa + Log 

lucid I 



I salt I 

+ Log 

(acid) 

I salt I 

i.tig = - tu ... 

I add] 

1,W = ()..\ amilog W • 

\ . . 

>*/ •J>f»,»' - * X " 

\ . « , 

.y . , * ^ ( ^UJtt -JUS ) CjU>jjSJI j£ jl 

{add} 

m I .TO ... 

Isaltj 



s> A 



y 

— = 1.995... 



0.1 - y 
7= 1.995(0.1 y ) ... 

Y = 0.1995 1.995 y 

2.995 y =0.1995 
0.1995 

Y = = 0.0666 

2.995 

0.0666 = lOijjjjlull ... 

0.0334 - £AijuSa jjS _p 

fij* 5.5944 = 84 X 0.0666 - ^b^jlJl v»£ ... 
<J 3.5404 = 106 X 0.0334 = ^Ujjj&I ^-S 

A ^ jUi pH -Jl Jj* « , \ fJbi, Jjk* t> J_4 O , , jj JasA 

. A - pKll -Jl <*jSj 
:J=JI 

[BOM] 

pH = pKa + Log 

[B + ] 

[BOH] 

8 = 8 + Log... 

|B "] 



[BOU] 

.'.() = Lo» 

IBM 

[HOIIl 



IB 1 



= 1 



Base y 



sail 0.05 - y 



y - 0.05 y 
2 y = 0.05 



0.05 

y = 0.025 M 

2 

£ * c = £ * C 
...ton... 

a* — c 



.aJalall (Jjl^oil jjjJsaJli AjsJU j (jrintll (j-u IgaSlual 



jsJI jiJaaj! <uL j (jiwUJl ^ l^aLi] r j5UI diwSlI jpH — II fi qjj :(V\) 











NaHP0 4 


Na 2 HP0 4 




Na OAC 


IK) AC 




U. 1JVL 


0.1M 


PH 


0.2M 


1.0 14M 


I'M 


(ML) 


(MJ) 






(ML) 




\° 




o,Y 




r.oi 


r,n 




1 1 


°,A 


1 1 1 




V V 


v,r 


w,v 




Y Vo 


V £ * 


V A 


Y,A 


W,Y 






V Yo 


' 1 1 


r,£ 






£.0 










1,Y 






* 1 1 






1 T 1 


1.* 


Y VI 


£ Y 






l.Y« 


Y,1Y 


£ V 


\ V 
1 1 Y 


i,y 




1 I 


V Vo 


Y £ \ 


4 t 


V,A 


U,Y 




A <\ 


y ^A 

1 1 1 M 


t,° 




1 * 1 * 


1 A 


1 ■ 1 1 


1 l Y 


4 K/ 


i i 1 i 


A, A 




^ v v 




4 A 

£,A 


11,1 


V V 


V . 


11,1° 






T 1 , 


1,1 




\ 4 




°r 


i £,n 




V,Y 


KYo 


•^£ 






£,A 


v,r 


n,. 


.,VA 




n,. 


£,' 


V,£ 


n,v 




°,r 


n,v 


r,r. 




w,r 


• ,°r 




w,r 




v,i 


W.V1 


.,£r 


0,0 


W,A 




V,1 








U,Y 


M 


V,A 






U,£Y 


^,oA 


V,1 








U,AY 


1,1A 


A 









oY^ 



Application of Enzymes in Food Analysis 



UjjiS cJjSjill ^ljjjjjj Ajjja S-icluu Joljc OUj^-jVI j_u*j 

reaction Jclia J sjLj ^Je cjUij—syi J..^>j 
.JaliSS ^ .illfrLuu V j j^i V US rate or velocity 

specificity V^.-nVill ^ ;u_lc. 2L-aj:> ^..Ac tijUjj^jyi -Y 
<jjx^ ^Joliw i±» ^jjj J_S1 J ^1 senstivety 3j > J . .ir>.,\l j 
•Ujjc. Oj^ W** Ji^j Substrate 

jil 9. Apoenzyme is ^i *>. <> fjjjVI (jjSii -V 
■-jj*^ U» J coenzyme ^ jiVI ijjal j* ^—iii j^j 

•prosthetic group 4jjJ=lij*j1I 4c ja^IL 

Vj J»l£!l Jj^V CjIJjS ^LuJ-jyi uu -i 

.Joliill p.Liji L^olji. 

Jao^l JA, t^Lk Jj ^ ^.V_^ J_«LlS ^j-iVI -o 
-cJcliaa fij ^ ^>jUI Activation Energy (E a ) 

.activators olkiiX ^j^uuj ^1*^1 cjUjjl ^> 
•Enzyme concentration ^jiVI jjSjs I 



•Substrate concentration 3Jc\ilaJl tJUl -lj 
.Temperature £ J £ 

.pH Vallie .kuijll kiaj^ J) 

•Inhibitors 3J»AJ _g Activators 3J- »un«l l jsJl— — ^ 



yam AiOa 



n ' A catalusc fjjsl 

Trypsin fjjil ib ** <-^lbJK-y 

lipase fjjsi P iJiiuAj + 4uSjiH a 1 -* <— ^'Jijjij 

" inverlase fjjil fijii-ij jW '-j^j^ jsjfa-t 

0.--V" (jjLxj iJjU^jl J ja. ) ji SiuSl 

lipoxygenase ^r^^ -^Agjjg 



(AiaLijj -dcliU JL«1 pH f — a j ^jj — Si cJ — (j — Sij (J&Uj — SI 
(A \ ) (Jj^sJl j ^ Jtyl -k^ 1 ^J-* b *— A O-^ ^ J— =^Wj 

Optimum pH values Ju^\ k^>^l\ SJElJ 

.cjUjjiVI 









Pepsin 


V,A 






Chymotrpsin 


A V 






Popuin 


A o 






I.insmc 








n crliif > r^cti , 1fi*2f* 








(maltase) 


M 






B-amylusc 


t,° 






B-fnicto furano 








sidasc (invcrtasc) 


, l,T 






Pectin lyase 


A,r 






Xanthine oxidase 








Lipoxygenase 



^yjiVlj ^3U-^]I dlj^l ^ ^ Ujjj ^ ,uj 

jli rflliS .i^iik^ Sjlja. A^jJ Jc Wii>i J AjidVl ciLJij 

S^ll JJjJ tfjfr AjJjsJI iU*Jl p J5UI da jB j Sj^ll 



IjifcVl Uj»JI jjA^i ^ 4j£Ac j ^ Jj»Jl Jauiill :(AY) Jj^ 



(^°s_r 4 ' OJ^" 1 MOnopilCIlOl OXtCulSC 


«• 1 b*iU . 1*1 L_ ill i •* il — 
£UAll j (jnnl kj.UI t ll u a 


tJ*"_/" ^4-" Lipoxygenase 




ncroxitkiscs 




^ ^jjji Proteinase 




^^^^ Thiavninasc 




f lj5l! ujjjc. Polygalactouronasc 




6jW i^i B-glucosidasc 




^jc.^, jjc, ^ Lipase 




^> Lipoxygenase 




hiF j* jjfc Cyslathionnc B-lyase 


l-JJ jS j iJJii 


T^ju* LSj* (S) SjLJI ^ (E) fjjSyi J&UL-j -A 


Enzyme substrate ^Jblii_Jl sJL-.ll j 





(Jcliall pUSi ^4 ^ V j Ujjui tSUi u_j-4jj complex (ES) 
pre steady — j JcUiSI ^Ku ^ ^kj^Jl t.iL-A ^ j 
0*5, AJbUj l^t ^is JA\ <L jj j .state period 

initial ^ jsyi Jcliall ^ u ^ ^ ,„. 

OjjSs ^ oliSl J] t^UslI J-^yj velocity (Vo) 
Ua ^jiVI JoliSlI oi* t3f« (ES) Ja**ll ^4>-tJI 

jeuaii ^ijM. J^xij sjLsyi ^ui <jjj*.i Jd 

e^ 1 j* 8 ^-s^j -A^ 1 e a3S otysa Vmax ul-^i 



on 



Enzyme activity ^jjjl JaUiM jj^ 3 J* ^j-j • 

Spectrophotometvic <jjj*jjj9jjo1U 1 

Mano metric hJ**3i^ JjjL -lj 

Fluorimetric ^>>j^ t3jk ~£ 

Titration Sj^mH ^jL j 

Viscosity ^jj^ 1 j^""— * 

Enzyme electrodemethod jjj&lVI j 

Polarimetvic jj ci^ 3 ""lv 

Chromato grophic jj£ £ 

A*j Ig'lVVuj Ajic-Vl Jjit*>i L-ijLalS ClitajjiVI Llu^aaml Jalj t^JAjj-jyi 
[^eaj-aial IjJaJj t^liiJl ^jluaSlI ClULaC. ^ IfliuJaJj l^JLwu J £-1 aj 

<di JJUiull J t Jaijj Substrate specificity =LJUJI 
s^U %fud^ ^jtyl U rt . rtVi jjio JUbSj creaction specificity 
^jjVl JqUU (A£) Jj^Jl jj^ia substrate J&UUl 

acyl ^jjjj djUjjLlI (j—i a glucosidase ^j—jy ^>L_ » A,» 

.tjJaUaall hyclrase 
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4 jytal Juill 




jjLSjSjk ihcxokinasc jjjSjJi* 
fruclokinase j^jiSI ji «glueokinase 


pluisplm- 
t nms fo ruse 




amino acid trans Jjln u* 51 -)* V 1 A* 1 
cnoiiii liana jj^m lywji u&J* •ucyKisc 
accylase 


uunnduyiiise 




transglycosylase 


transglycocylasc 




COA transferase ^ >yi u^i j3 ' fjjil 


COA transferase 




Nicotinamide trans jjln ji 

mcthylase 


Trans j^o^J> 
mcthylase 


*Jiljj]l jjudl 


alanine recemase j^i j ^Vl 
lactate recemase ju^j iUSV 


Isomcrizlne 

Isomerasc 


Ljljjil £J«lan 4iLdl 


alddase jjSjiil iFumarasc JjjUjji 
citrase jjjSw 


Dehydrasc 




glutamine synthetase ,^J6 ^ 


synthetase 





If 1 1 ll m 0 . 


(%) 


1 - • 




t 






j »J >j 
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A pliiotsiilusi 1 



Acyl Iiytlrusp 



LjjjSj jl tjJll ji ^Uj-lull uuJ l Lipase J — jjjA]I ^j— j] 

<Jjou.VI £wk-« J-kj P. roqueforti j— La J pesudomonas fragi 
J^ 1 (jjft kiu AHji*k C5 1 j^ 1 J 6 ^"^ t^l >JI (j— a acyl groups 
Castor beans g- jjaJI jji? J Oat <jlS (j*-.lv> uJI Li.pase 
t^l jill (jJc r «Y ^jjaljJl ^ JjmVI £uk* Jkj A.llavus jlaS J 
Geotrichum q»±. i> u nlVunnl l L.pase jjjJJI fujjj Ui tA»j -^^ 
^JJulllj Oleic acid 4ibVl o^Vl Jkj ^ candidum 
■k^l Ao^yk tsljsll r *Y ^ ^jaljJl ^ lyinoleic acid 
Jtlisll sjL J* ojfoj Acjil ku ^jjyi L y^3 JlS-^Sj 

0$k SJaJ j JgUj SjLi yk <kj J jj<^ ClUjjjj jJLl-a oM 



H 

CH 3 - C COOH 
OH 

L-(+) Lactic acid 



Lactate malate 
Transhydrogenase 

CH3-CO-COOH 




Oxaloacetate 



L-malate Lactate/ v 



-monoxy- 
gcnasc j 



racemase * \ CII,-COOII 

Lactate^ + 

CH3-C-COOH Dehydrogenase C0 2 + 11,0 
H CH r CO-COOH 



^ _>i.Vl AjliLt'tll (J>>^' O***^ C> *— v^' tJ*-'^' 0 J- 1 Ajjl iiJl 

V ^jix jJ^iull Jaliill cUui ^ uj^Ij vlj^Os. flc ^ <S.ill Sic! j >— a j 
jj'a Sj^>a]I J*l j aLjjJi jjI**3! J US JUUi .VijiVi J) 

LujS jj •uLIuj ClijS jli j ^1 •UlJay Lj j Jbflajll JJ^ 1 — ■ 1 j ^ 

>iSl Sic! ^« ("rf^V 1 fr* vjt*^^ crW 2 >-tM^ ^ ("rf^—ty 1 
OS-u j .fJ >yi Jalii ^liill SJUI Jd J ^ Jill OXoL_xa1I 

Jb lU*j immobilized enzymes aILxJ ujUj^yi JU»u „L 

B^A j » ^ ^» jjSl jfcj )V)M "I *Jjl£-*J £ — a Jal —Jol t 'o j~-jS 

>«aSJi Jac JjS >li . yUrili j ^^L-uli JUU j adsorption 

^jJjSJ' <leu«l>j ^jAJ^V 1 Jl^*^ 1 ^f!>-J a ^Jojl_«iI Jt_jUj 

tjlc jiiaj s — ^ i electKH'heinical sensor 

Jjlaol ^ j j>xaJi ^ j tUilc J — **4 (ji k j-~S-oj ,j>_jJI Aic Ur i A J > — ajl 



OjiJl fJj&SJ Ajli 4jjU£il i^LL^U iiiliwlijill j_Jitij U^lL-c. 
Folic acid j^ 1 ^^^Ia j-j^j cs-j ^uyJ-jy 1 

■Pantothenic acid 4*.£MI t>="^ 3 

jjiilll cjUjjjJ (jU jui joiu, ti _Jb. j Structural studies ^jS 
oi^jmikJi jjk: ^ <_il£j sjj«i, jjL^o 3 nakiuuJi lipases 

LS^J&$ j&W ?J-k plS j-^l t5~i ^lAml jL-ju- jillj 

<_$! jsJl frti ja. r . 1 ^ ^Ljijji jjksj Pancreatic lipase 

^jftVi jia-* ^ w>wi c^uujii iu&aH iiuijiiu.vi 

.AjJIiiJI sjUI J enzyme activity 4J *o j yi Jal&dl jj^ - 1 
•Substrate content iklitull SjUII ^ji^ jj^i -y 
•Inhibitors lUJlj activators UmSuB JJjJI jpfc -r 

.( CAiullja]| 

•Toxins CjIiuu^j^i jj^ii -o 
^ residues UUij insecticides ^j^l oIa^i -y 

orr 



amine 

.pasteurization blanching tiUI Jl* 

Ji SJ^JI Joix^j c-j^ 1 <J ^Wtylj frjjjill i>-c UuJSSlMY 

,£AjA <c\iua 

:<,ic.Vi Ji»3 dUjjiyi ductal uuVi ^ ^ U}9j 

glucose oxidase j jk ^ jil \\* ^ „j - 1 

j^SjkJII ,> Ajllixll sjUS ^ £±* >-j^j1 peroxidase jjaJI j 

jjjjaI jj_^jiaJl jS — ui — uiSlj JjSfl ^Jj—jyi AJ ., % glllCOSe 

Hydrogen o^jj-^ 1 lSAj gluconolactone oi^V jjjSjkil 
l^j o^jj^ 4^ ij^Sjjjill fjjij ^jSj ^Ji peroxide 

AuStu j *U O- diansidine 
(O.D.) Optical ^>j<JIU!SA >a j >-Vl OjUl Jl^j^ 
j-oJa >5 <i11j]I ciiV^UuJl j j najiU £ Y . j_4 J^-ia <J _Jc density 

glucose oxidase 
B-D- glucose + 0 2 ►D- gluconolactone + H 2 0 2 

Peroxidase 

H 2 () 2 + O- diansidine ► H 2 0 + Oxidized dye 

( colorless ) ( yellow color ) 



jjJawiS ji ) »LJl ».i jj] J 1 "*' I >Ui ^ o ) usmJ I A.i...,,wSl ^^^wi \ j_£ ^JbJl 

j jS JaJl jJ-iii 0 -1 fci wV 1.1* ^j* <0;i i tLdl ^ ' ■-■>■>"' -t 

^jlil iiinviti}?ha'osiclaso ^^%»lwVi y 
aJojI >H JJa-ij ^ >iV» ^ viua. lVuiiu a 1 >i — i Starch L-iili 

(jju* US Ubj )i) j «S >>-i»J or^'^ * j »S >lx Uoi* Jj >i wS^ll 5 

jjJbJU j jlli ^jjj » peroxidase . jiluoose oxidase I w 

)~Af> i jA*h^ ^ — -0 i ' — S jIa. ^ >— j} i Hexukinase (HK) 
,--a \ — *£}dut.'ose (> phosphate dehydrogenase ( Ci6 1*1)1 1 ) 

UK 

tihiv !>>.»' » AIT }*hicmi' U plitispliuli' » AW 
(iM'DH 

tilutuM* d phu-.ph.iir t NADI'* phusphog luctiiMti' » NADI'II i IT 

w v.Uj^l^a*ll NADI'II* Aj «S ;A-JJj 

• •U^aLi. ^jWsIjji d'i^Mi U jjiii 
J<i »'V i. i » | I a jjd' wJ ^ ^ jImk£^ jjJJU ^ <Uu ^lajl ai* f Vvy.n"i j 

<Llau o*j ) j , jS**H , ( ji palactrsUIase jjoiu^j^'SU tL-u ^>j1j 

.( JfllM) H , UK j*))] M'— a) ^ ( illVOI'tUSC jjJ >iVI Uau-I >j 



or", 



D- Decarboxyl jjW ^VU Jlu^jjj^ ^jj] pJii«y -V 

< « M\ malate dehydrogenase (DMD) 

DMD 

D-malic acid + NAD* ► pyruvate + C0 2 + 1 i + + NADH* 

s*ti£ jjiia y-J peroxidase "6j j"ll fjj-j} »■ ■.' ~* 
J ^liill fc»JI jIuiL LSllij Blancliing Ju kjl j=JI OX.UJI 
3-^) guaiacol JjSUj^I ^o^j H2O2 O^jj-^l (j> -^j 
cjl j tetraguaiacol JjSUI j?J J2 Jl fjjsyi J ^Sba <iy* (ujill 
J^L ^jjlB u-aL^VI j^sjj yellow brown ^JJI >-=>Vl o>Jul 

tli^a. lil SpUS Cjli jjc. 4jjI jaJI ^1«1*a1I jjfu £u=k jiajjlj £ O » ^ j 4 

Peroxidase 

H 2 0 2 + guaiacol (colorless) ^ tetraguaiacol (colored) + H2O 

jjjSj Lipoxygenase jj^j^ j#UI ^j-jJ ^Vi, -o 

»j» SeliS ^ J^j t 3UU Ujl ja. 1^ &jL_JI cjI jIj .hMl 

.ajLmJI 

J alkaline phosphatase cj^lill ^jij . .vf, ...j -n 

pasteurization s ji-JI Ju ^dll J <jj j*Jl l^1«U-cJI s^LJS >_>:& 

US AjJjsJI aLUJI Sp uS Jo Jaj fjjsyi jUiV ^uUl 



phenol Jjijall UoLo Disodium phenyl phosphate oLL_uija 
2,6 dichloro quino U^ua <ic-Ui ^ jUI tjj Uli j v^VI 
^juj o ^Winn ^ Jjiiaj^jVI Ux-jua U>Jl« chloramicle 
T o . JjL ^ ojUI ^ j^ij J 

^3 Melibiase JluiLJI j invertase jii ^J>jj ^ ,mj -V 

« JAjM i> Oj^y ) RaffLnose jjipl jll jS** aj*S jj^Su 

fO 3 ] fJ^J 0»2ja csia J—^l'j pi — a^l J > 'yiti 

Jj^oUl Ls.iL, J_££l jill jSm ^ ^jjljkJl Jjki 3_£S jilVI 

Uul j]| JakSj jLuiUI fLjjjl fJ L fj Fructose jjSSI >-ill j Melibiose 
cAA^ JjS O.D. *A^I yi5SB jjSj .J-^-^Mj j_»--S_&JI ^ 

<V tfM cW> ^uj fuji] Jxjj V^jtyl 

jjLLJI aj^S jj^ ^ Cellulase jV jIjLJI pjjj) f.iVw.n -A 

(ikjjjjSll CjUjjS tfb ,> Ja jii^ J j^j ^ tiilij ^j5liiil si all 

^Jlj ( cJj>jSll ) ^jUUll ^Jl ^ O.D. -J A-^-i 

ATP ^ Glycerokinase JjIjS j_>uuk ^js) ^ . MJ -1 
jjiVl AuiStiij L-glycerol 1 -phosphate u lnhtjl JjjjuujLJI Sjijuiil 
Aj*j glycerol 1 -phosphate dehydro genose pjjjj *Ja_J jj 
dihydroxy aceton £AL* ja o_&-^J t*-^ jjAj* ^ NAD 
NADH — SI V-^ j NADH hosphate 

.6 j ;"iff >, rtl l <li}jJl ^ JjjjoolaJI 

JJ.& ^-J L-amino acid decarboylase ^ j-Jl ^^'i ...j - \ . 

orA 



^jiuVl ^Ua.bU (L) Jj^\ JJ=u j pjjjVl fjii ^V-* n , L 

.(D) S jj-JI t- ulGliijy j 

i^^y 1 Wjj* 1 ' jP^ J Urease jjjjjJI ^ji) ^ ... i ~\ \ 

Urease 

NH 2 CO NH 2 + H 2 0 ► NH3 + CO2 

jjklb jl titration SjjMI Jjki Uj-S/I jjfc Ujj gaso metrically 
. JLu Jjk* AJajjj Colorimetrica ajj^jISJI 

. jjiuylll ^ jjM Lecithinase jyi-nnlti ^jjj f,Wi..ij - *i Y 

Lecithinase 

Lecithin + H 2 0 ► phosphatide acid + choline 

.fji^jJla ox . J> Jft ojill j^L, oA-Vi 

j£ J 5 J Choline esterase jjjU q$1 jSll ^ji f ,^r»..o - ^ r 
jj^ jjL ^ .i^a^j a^Vi ^ Lj^lulj ^j^^ibJi diAf-Mii 
tid^n ^ ^jjiyi t* J-AJ J*tf cjal-xJi 

^ uS-jj ( AuJ ) LiU J^JS SjLj e JoUiJI ^ 

electrometic j> J olauJ j^jBI ^jiyi i5>» 



i3> manometric <j>jiU ^jLj titrimetric 

.Calorirnetry ^Jjs. 
AnJl <lS jj^ii] <s> na| ^ Giang & Hall xJlj 

t> <_iU^j J^l Sj 3a U«j ^ ^ ^ ^ Aij-Jj r. 

^jil ^Uijl ^ Jcliili s^.U t tsLs^vi 

.SjtfiJ Au-ll JjSjj ^Jt Jaj Ua JjjLu.1 qjIjSH 

Jtpfcj DDT —II (> Sjji^l ^| Jj£ Jill J CjLl«S1I jj^sj US 

■Carbonic anhydrase jjj^jl <4u jjSII ^jjy <>i]| lUjj 

a - amylase - \ 

.Sjill ul^ £-113] uj>«Sj Liull Jj^ 1 
ijJI Jakjl ^jty! \m ^ A^aLlA &_L&\ fl j_ c .£ 

.(JjUjJI (Jxt Sic jlill 
l^k^j CjbLc ^ A^^kiouJI J| Jjk3 S^cLulJ jr 

Glucoamylase -Y 

jjS uZ — Lt) Jj — u 1J Qjjj Jjj ^ t 

.SjiB jiS ^rinsj Ak. (Saccharification 

•Light beer 

B - amylase -V 

•Highmaltose syrup £h>«1I jjilUll U ^Uij - vi ...... 



Glucose isomerase - 1 

•High fructose corn syrup jjSSl jUI 
B - Glucanase 
^jiijill ajLo jcluj j tiilj-«JI y-J B- glucans — II 

Microbial proteases -1 

Fish meal —11 gtsi) k_jl j±aJ j *j_jLjJI iijUiijj_JI ^ .n'» 

Pectinase -V 
Lactase -A 
Lysozyme 
Glucose oxidase - ^ * 

AjicVl <Ujxj Aic <s.lj$ll (j-alaa_JJ ■ i J . ^A.' mj 1 X 

Lipase - ^ \ 

JjAJ jt&I Of^ 1 (O^ 1 D-jJl <Jfc?& J jjkS ^j>>ri 

papain - > Y 

Chymosin - \ f 
Cellulase - \ i 



Wi/I J** ^k^) CjUlAiU ^j^u :(An) J 
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-ViW M?"*' 


ill cl»l 




uniyhi.se «iuVi 












amylase j^uvi 












prolea.se 
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IIIIK. A . .ill 
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lipoxygenase 






protease >*n>i 






Lttuall Jjij 


j^Sk y. «S »jj 


£>\n,y .ill 'i.x.^il , ^uiyjj 


J till CU*Vj 




Lipoxgena.se 






y u »y 








pontusanase 














Lipase >uii 


W^ 1 3} » 0 «* ^ JJ*i 


J) )Aa1I j fiubi j-lij 




protease iu,j, 








papaun 
















amylase j*u 




mash — iij-lis— « 






1 k'tl 

Liill 




protease 
















piclenase ipb 








pictenasc ips* 






J> 


pietenase ^ 


3j ijiSiil Jl 1 — Ol Jj-JUJ 










Lf>i 


piclenase 








jUll 0- 





pictenase juii ^^iH luWi^uui 

•jj" Cdlulase jjy- jjJB <V« d*js- e e« juui^ui^ 

^ pickenase j# ji— >iSuJ« j,\^\^i\^\ }J 

amylase^ 

Lipase j^i -w^j d*- 3 <** ^ o SiLJul 

cellulase jjLL, taijjj*! 

L?>j amylase jJ^i M^jo^ 0^ isi^r 1. 



Enzyme ELISA «_i j*j ^jjj oljUil iilb ,*> 3 

pIjm <jic.Vl Jji=u JU-« ^jiiuG linked immunosorbent assay 
j^-SlI jl defereniation J detection » « AS! ^ 

i^jlsll JjjaJl^ US Quantification 



Quantification ^1 j^fc!! j detection <-i*iSJ! £jj 


.jxsJll *J&jj Jj^j Jj^aJ 1 


-1 
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.-a-vjll ■ * \N . ~n. _i mvoiin 11 u^ii ■ 
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-i 
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tenterotoxins tolfotoxins ) toxins ol'n »f\ j$ o-^ * '« »W> ■ 


-V 


.( ochartoxins 




.IjjlauUj Jl pesticides 4jjJ«J cjlAuJ Jjkjj uiiS • 


-A 


.l^jUaL, j V&Vl Glycoalkaloids —SI ■ 





Food Additives 



i5jjs JA\ <£\'xS\ jwaUJI ^ Food stuff gO lk ^ 

jwaU*ll t >*^> (jjSUS V s^l — « jj ujSj — « Additives 

t-i^j ^Luftll cjLSjJI tjajLi <JL±& lil j ^mll SJij— a. u lc S j_5>JI 

Food additives ^jicVl djliUiw U&i3 j .u j*Jl .ilfcj ^Iji (Jj_u«u 
J] lA*e JjVl i-iLjaj dy^ Food contaminant AjiaVl cASjU 

CjIjjSjmj uamJJj jj** (jijjo Jjaaj t-J>J^j — SliiJl gu L*M 

Ajjlill Ujjj n-iUg'unnH j SjUi jjc-j -ij^l ^ (jJ 23 '" J 

»iA ji^l J«J| ji JUyi J LksJl ^jjL ^j_SI3iil Si-^l ^i 

^^ajuuJi lTjI jj<; jili 

Nutritional supplement Ljiii I 

Preservating agents ^kaU ^ -c_> 

Colouring agents J j&I cAi**. E 



O £ 0 



Flavouring agents '^\\\ cJi.u-vn 1 

Acid Buffering ^ *\ ^ -_a 

Sweeteners AjK « i ^ j 

Functional agents uk" 1 -^ 11 ls* f** 33 jl J 

cjli_j*liiali eK-^iu j jlixSi g-i \M Nutritional value Ajjiix-J 
tamino acid derivatives um^u 3 ajI^S/i — <^V> c Vitamincs 

caloric AjjI_pJI cjljjuj Jjjuu J « mineral 4.; ^ «Vi 

.agents 

J*lj& t-iUj) ji . Knu.t liiii j 4j*U* 4 — ajj ji>Ji SJSa J jJaV l$j « 3>J j, ..■vll 

JU ^i^ll c X«Vl 3Ji3Ul jI^I cUSuj iAj^I oLJVI <, CjIj , .foil 

(>aUa.Vl jJ».jjAl$-ll AljuiSi (JjS UJfJ^ ^ — <j — £11 

jjJj -Ul dya. JkaU. jj5b «U ^ j jSlj Salty taste ^aJ-ll p*LJ 4. j ilt 

dujuill UlUjaj j t^bjjSxoll aW 45-1*11 -U .AMI A-^jJ ^j-Jo 

jiib V 1 O^Jj OjUl j-^ ^UjUoall Ju =U1**SI r jaJM ildj-ttllj 
jJjb ji CjjjjSJI AuuSl ^Ij jlc. _j ^..nsLill jl iilj tliJ-J JtaLa. 

AuuSi j^jIj jlc. J US t<jjc.Vl J j_>Ul Lfk- ->.ij SA—wSbsU i, , JOA 

lilpjajj jJI (jisu»a. j acetic acid kjkll L>ia*a. Ju \ — ^ Aju iSuJl 

formic 4^ jj^ 1 i> aA3 ' d4bjlaili j-jl jLa^ll propionic acid 

on 



aj_^«JI t>>Ua.Vl yi* ^ objjlwll JaUSil .kfull jjjbll jIjjjj moid 
liLjjjJI (jixaa.j sorbic acid ^wjj^' lP 3 — ^ J* — * ^4 — J— ^ 
LijiSJi JbLssI jjSb £ii j L_^j] L_^.X«ij Benzoic acid 

jjAJull iliaLaJl j| jj| ^JjiiiJI 4jjjJo*JI CjLjSjaII Jf»*J,j 

cjLS j—« Ji__« cs _ jJl ojH-JI j Oxidative defloration ' "'fy l 

.Ethoxyquin , TBHQ , BHT , BHA 

Jt I4J Antibiotic ajj^JI £J4LfaJ J ^1 SjL-^yi jv >'ij 

^yu^i'ill JU* ^ l$J.iadJ jlk^j (jSl j 4j=J CjUjISLII iaUiu! Jsuiij JiaU. 

: Ji- SA-iSiU uiJI ji 4 T> Axil JJj_jJ| t i_ - , I 
J»l jaSjj ^paii ^ jljsJI j^till <_p»ai pi j_^J| J Qia. 

ju Antioxidant s^_^bU si ij^b 

Ascorbic acids ^h^j Tochopherols £tfjj--j3 jS jill 



^ ^ikl ^Sll ^bU 4j ^ualo jx, Uai tf | ^JU,, j 

Jlj-S (AV) Jj^JI . ^uj ^ ^ pUsft | ^ 



sei„]_f 


j . . ii t 1 






AJtLtll 5JUJI >wl 








Natural colourants Vw^t Jl.**ll 


* e ' IT 






B-carotenc oPjj 15 ^ 










(VA 






Lycopcnc awjij 551 




m-it, 






B-Apo-8- ■iijjlS ^jjltLH 








carotcna 




(to 


»u 




Riboflavin o^jhj 














1 




Anthoryaiiidin oj^Lcj! 1 ' 1 


u ... 












i id i 




Curcumin Lt^jiSjjjS 




(Ao 




j-I 


Canthaxanlhln o^ 1 j^ 3 ^ 




w 1 1 IT! 






Bixin 6*-** 




0 ^ A 




J-l 


Carmine o^j^ 




t \ V 






Chlorophyll JaijjlS 


111 II l.'IlK 111 


( .o 


•U 




Chlorophyll in LaljJjjlS 














Synthetic colournts fc»ldl Jl.»*l! 




m 


♦L. 




Tartozlne ojjtijUll 














(Ao 


»U 




Sunset ciui 












o\l 


»U 




Cavmosinc ^^.jlS 














of , 


»U 




Amaranth liiiljU 


^jd ■■ 4 ,Ul - 






(JJ> 






O . 0 


»U 




Poneau 4R 














oYV 


•Lt 


j-I 


Erythrosine o^jj/yj 














o VY 


VU 


j-I 


Red 2G E V 














•n . 


»U 




Endigo oi *J&j*4^ 










camiine 




irA 


«t> 


jjjl 


Blue V "-ijjjl 




nr. 






Brilliant blue Jjjl ^^iji 




■\rv 


»u 




Green S o- j-** 1 




ov. 






Black BN ^1 ^ ^ 


Belitz and Grosch (1999) : jj— H 



oiA 



d ji jli i^U^kiuuk Flavouring agents cL^m J*— «u j 
CljIcUUI gsi Asences uWflj Essential oils *jj-J»JI 

jl faJfi ^aL j^Iwj Ljill Sodium miono glotamate tiiUtij— k>>>« 
^SiSI £l jji (A A) ^ j JjisJI jjuj tMeaty flavour ^^S^ 1 



l^lajia j Lj&VI ^ m^xll ^11 g.1 ;(AA) J ji*. 



Onion 




Fruity 




Sulfur 




Sweet 




Strength 




Milky 




Bitter 




Creamy 




Smoky 




Natural yogurt 




Chemical 




Cheddary 




Rstvingeut 




Caramel 




Rancid 




Nutty 




Sour 




Oily 




Meaty 




Grassy 




Fishy 




Buttery 




Processoed 




Salty 




Soapy 




Metalic 




Waxy 




Moldy 




Tallowy 


j t w ■ 1 A g^'i 


Pungent 




Rotten 




Vomity 




Cardboard 




Vinger 


Jill 






Cheesy 


0* 



^jSlic jji ciUk^j gJl fructose jj&l cSucrose Jl 
jl-jj iUj^j Aspartame jb— «V j saccharin ^jlS—JI Ji_« 

Non-nutritive sweeteners Nutritive sweeteners 

Saccharine sd;blhj cyclamale ojjis^ j£-ji fructosp jj&J iglucose jj-Sjl* 

Accsulfamc Aspartame P ujj_-vi Sucrosp jjjS- - inert sugar J>~ii 
f uas«i K 

Others c^b** Polyols Sj** 

Suoralosc jji jjlt- - Dulcin e»— Jjj Maltitol J>i---ulu Lactitol JjL-^y 

Aj u , A! ij iH Thaumutin O) Vj*" - Xylitol J>s — Lij Sorbitol Jj^jj—* 

Sievioside Hydrogenatcd glucose j j£ j_J 

syrup 



JJjb (ji LaS JLkj Jill j gjioll Jo jSijj jjji jj^ajL-ai, l$J 

g-l jiVl JLuali AiLUS CAak-ll J ^ Sj3lo ^ji&Vl J 



00 1 



AjllijJI jjc. CjUkJl (j-al ji. j&u :(M) JjJa. 



Sweetness Stability AIM" 



Sweet-ener 


In relation 
to sucrose 


After- 
Raste 


In solution 


During 
heating 


(mR/kfi 
body 
weight) 


Acesulfame K 


I50x 


Very 

slight, 

bitter 


Stable 


Stable 


W 


Asparmame 


180x 


Prolonged 
sweetness 


Not stable in 
acid condi- 
tions 


Unstable, 
sweetness 
may 

disappear 


40.0 


Cyclamate 


30-60x 


Chemical 
flavor 


Relatively 
stable 


Relatively 
stable 


11.0 


uaiiUl mi 111 


JUUX 


Bitter 
metallic 


Stable in 
pH<2.0 


Relatively 
stable 


2.5 


Stevioside 


100-300x 


Bitter 


Relatively 
stable 


Relatively 
stable 


Not 
evaluated 


Talin 


200-2500x 


Licorice- 
like 


Relatively 
stable 


Stable at 
neutral to 
low pH 


Not 
specified 


Sucralose 


600x 




Stable 


Stable 


Not 



evaluated 



i> ^UkJ J ^ ^ JP ^UkJI Uiu 

o-d ji jUJ cMj Bulking agents "tiU j| j* Lpl US ? l j-Jll 

•Sweeteners 4As&dy.~\ 
texturing ^ j& ^«-» ^ ja Bulking agents ^ilU ij* -f 
•viscosity modified *»jjlB Ja** agents 

.preservators ~f 

00 \ 



.Humeettmt 4Ja>* -° 
•freezing point modifier %L«ji jIj* -1 

.cry stall i/nti on modifi j ji&U - A 

.Ami oariogenile agents oo^uuil <«jU jI $a -\ 



Sweetener 


Suitable IVxxl uses 


Siicchurin 


Soli drinks, table-lop sweeteners, dessert mixes, 




yogurt. 


C'yclamates 


Soft drinks, lahle-top sweeteners 


Aspartame 


Sod ch inks, dry foods, ice cream, yogurt, fruit 




juices, table-lop sweeteners 


Aceaulfame K 


Soil drinks, table lop sweeteners 


Sorbitol 


Special dairy foods. 


Xyllol 


Chewing gum dietetic foods, pharmaceuticals 


Sucrose 


All foods 


fructose 


Almost all foods 



.S jfc jll jIjaj pljillj ^ijjiii oaljsJI ^ {&>&J 



Clrifying 




Flavouring 


*\y 






agents 




Foaming 




Flavour 








enhancing 




leavening 




Colouring agents 


SjjL» Sty 


Buffering 


LJii, Sly, 


Colour retaining 




Peeling 




Sweeteners 




Plastizing 




Bleaching 




Preservator 




Texturizing 




Antioxidants 




Thickening 




Neutralizing 


JjU3 


Creaming 




Acidifying 




Filining 




Alkalizing 




Drying 


' »J«>" 


Glazing 




Whipping 




Maturing 




Conditioning 




Cill-proofing 




Sterilizing 




Anti-caking 




Dissolving 




Anti-drying 


ulkllLjli, 


Enriching 




Anti-foaming 


!j6 JliuU 


Emulsifying 




Anti-hardening 


sjUsIIJLuU 


Dispersing 


jUSSil 


Anti-scattering 




Curing 




Anti-sticking 




Stabilizing 


1 ** * « ftl 


Lining-containers 




Pressure- 


JaxjJ* kc-jy 


Air-replacing 




dispersing 






Refining 




Water-rataining 




Sequestering 




Water proofing 




Supplementing 





.ilj-L ^uaUJl £uU-»U ? Uaj S^Vi Jji-J Ai_JA l^ j ^Jlj 

: Jb US 4iU*»ll Jtfkufi JLjMiill 



diliual^l ^ aZxsaW 4#\&lb JIjaJLj fUai 



02.0 <e ja.>J ^ AiixJl dUlixJH I jo U>a obfyl 01.0 

^SUaSI J-^j >UI l^aa U ^LJVl 01.1.1 

(UHT) I .a* s s^l j **ir>* sj Vj-V IjJ 

u wjjM s;ujll 01.1.1.2 

Jxq Sj*iUI jl 3^ all pl^ui ts^ 1 ^j>A«M 01.1.2 

. (jjjjji Lj ml ml 

CjaJj Ajj^oll djUVuti IJC Ui9 SjoVioll jbfyl CjIajIo 01.2 

01.1.2 

Sjaildl LjUlVl 01.2.1 

j*j Ljjlj*. <U*JI jjc Sj*iUI jbftfl 01.2.1.1 

j*j Ljjja. QUA j ijt&JS jbiVl 01.2.1.2 

S jam jUlS/l 01.2.2 

^Sl^LiUj ( JSjJI ) i aUI OjUI 01.3 

i au t^iii 01.3.1 

( Sj4i UijS ) gVinnti ^ mull djbjjAJl 01.3.2 

l^Liuj ( k&Aj ASlall jjc ) i^LawJI u^Vl 01.3.3 

l^LiU j SAiill 01.4 

CliSj j Axiij* 6 jlja. AajJu Ujl ja. AiaU-JI jl toiU-all S^Sall 01.4.2 

SjiiUl S^Sill 01.4.3 

SiJill cA^UU 01.4.4 



oot 



^jajJaJ! ^iaa^JI S^l J i M> J ^dll 01.5.1 

A S^JiiSlj i A ililg jl >o<i 01.5.2 

(l&A jl VjiUI) ^aII Siiillj t ,ii> J oJll Jajii-o 01 .5.3 

t^JI 01. ft 

^JbUll jjjc, jisJI 01.6.1 

gcJaUJI ^1 01.6.2 

rind q*.>imIIj g^bB J*l£ Of^l 01-6.2.1 

( (jA^Jl O^ 3 ^ -3 fhVindU ) Of^Jl (J^a-xa* 01.6.2.3 

JijJB 01.6.3 

£_>Ja*]l ^ 01.6.4 

CjliLis] (Jj^J £ j|jko,ll (^JiaJl 01.6.41 

^jsJ j)Jaa. A^ljS j^Jc 4jI JSsAj A&ucJI £ jjkj Qf— ?Jl 01.6.4.2 

U JJC. j 

Cil^jUJU 01.6.5 

(jilj^ill tjjjjjj (jjsk. 01.6.6 
lA fJjS cwVl Jlo oW^I o-^ t> t5 01.7 
•^J^-J ^J* ls^ t5i^l ti^jllj gUjjSj JjfJl 

(jSjjullI |J& Ud (jl jjiJI i^Lauiaj (jljwll 01.8 

PU £jl <> ) ^JJI Gl iM uuj c)J-^^lj ^Jrfj-JI 02.0 

*UI t> UUi <j]UJl ^Jjjjll 02.1 

Ghee& »UI g. j ji. ^ & «i _*> jM t> ViUI jll 02. 1 . 1 

ajjI^II j dj jj jll 02. 1 .2 

OjAJ & «4-*J & jM fja-i & jjjiiJI 01.2.3 

i5jil 

( Cjj j *L ) £■ jj (> SjSaJ Olaklowil 02.2 



0 0 0 



Aoi4.i JIja %A. J* JSVI ^Jb CUbkWll 02.2.1 

I jSj^ll Sjj jll j SJu jll 02.2. 1 . 1 

( -^j^ j dyj^J^' Ki^ ) AjI$jL5Uj (jjj^.jLa]l 02.2.1.2 

A^ i j* %A « t> JSl ^ Ajji^l ^uAJll ujbkj 02.2.2 

AAa^I j 02.2 ^ AJmJI jjb Ai.jA.iil '"^ ° 2 ' 3 

Jill CiLjlaJl IJe Uj9 AuifcJ Jl j*ll Ij^U ^1 Cijj k\l 02.4 
01.7 f*»all AjAJaoaSlj AjjJll ililaoxall I^juiLuiI 

Sorbet — »j 4i4*2Ullj 2Lil jill 0*j&*JI 03.0 

i_d>ll yle j ) cjjjl j-JaaJlj ASI j-jU 04.0 

(JLjaall c^bJallj C^jSollj OUjAllj jjiaJlj iliLj>illj 

Afljil 04.1 

A*. jUJ All jill 04.1.1 

aU,l*1I A^jUJ a£1 jill 04.1.1.1 

U^ku, JLUwll j ^ jUJI a*I jill 04. 1 . 1 .2 

il>J ji SjtfJ a£I jill 04.1.1.3 

*£S jill 04.1.2 

a£I jill 04.1.2.1 

Aita-Jl Afl jill 04.1.2.2 

^aJJ Jjl=w^l ji dujll jl Jill ^ A*i^«Jl a£I jill 04.1.2.3 

('ojluJb U.U-JI) ^UUjll ^ ili jiauJI jl %jU*l aSI jill 04.1.2.4 

£U _>allj tjljaJlj (jJj^ll 04.1.2.5 

di UttJ Ijc Ua A^Slill l^U ^311 Jjill A_LU1I i j_-JI 04.1.2.6 
04.1.2.5^1 A^j^ll AJIiill 

UxA A^Slill 04.1.2.7 

& AfSlill CiJ ^Aa^i ^ cJiAJ ls-^ 1 J CjIj-^-o 04.1.2.8 



I^jJLJ y3il cijLJI *1*-»3J, V-U ^31 tsjJ^ 04.1.2.9 

SjAiUI AjifcVl djL>Sl« 04.1.2.9 

* jiUI ^ AilL i U^r>.»J Jl^lAll 04. 1.2.1 

I 

Fried ^ljj^I J <± ^Ull 04. 1 .2. 1 

c^yjjj jjiJIj ^AjJ-ttj tA» ) ^ J 1 °4-2 

jjiJl j Jaill j ijjaJI cJUJJlj ( clAJjiull j 

jjiJIj Jaill j A^jUJ dljl >t»JI 04.2.1 

jjiJIj Jiillj aLUJI jjt A^jUJ ^Ijlj^l 04.2.1.1 

jjiillj Jiillj LaJau UsLuJl j A* jlLlI lil jl jJaiJl 04.2. 1 .2 

qSIj^ j^ua (jlc- (jjll j A «JaLJl j Sj_iLJl dil jlj L^aJI 04.2.1.3 

jjiJIj Jiillj 

jjidlj Jaill j Ajj^I L-JUJall & AxA^all CjIjIj^I 04.2.2 

i^A cJjIjwaJI 04.2.2.1 

jjjJI & Jaill & ajj^I uLJJI & Aii^l djljl j^ill 04.2.2.2 

J dujl! J JiJL a^u^I AjjaJI lJLJJIj CjI jlj .^11 04.2.2.3 

^ AxtaJ jl djUl^j ^ S JL^I J UxJi tliljlj 04.2.2.4 

^bjJl Jjill S^jj JU jjjull j Jaill j Ol jlj.^ll Ajjjj 04.2.2.5 

CjLjLJ JL, ) jjiill t_ilj Jiillj cj! jl j*i«JI CjIj.^um 04.2.2.6 

04.2.2.5 At j^ll j^fc ( bj^ll Jja sjii & S>*J| 

S j^A iil jl >^ll uliUil* 04.2.2.7 

Ajj=J| tJUUlj ajj^I J aa jjktll QljIjjjajJI 04.2.2.8 

jfliudl 05.0 



Jx&a ja\ j ajV cjUS Lttj jl_Sl£ll CjL=u_u 05.0 

( U jiS ji (jjauo^ ) jlSlSlI Jajk 05.1.1 

_,ISI£J| L^U ^1 j ^jill iLUSI J <AiLoil *\jA\ 05.1.2 

& o^llb Aj^jlill JL« ) CjLs^Uj <SV jiill diUlu 05.1.3 
<c lie Uia ( f.UijJl 4jVj1u!11Ij 4ft jSLuSdl (3_jUj 

05.1.4 , 05.1.2 , 05.1.1 ^ 

<GV j^Jl JIjuj 4& jlill CjL^Liu, 05.1.4 

Ua ^jiJI & o jaIIj ul^ll ^ >ll J*L5a (_gj]|j j£tU 05.2 
05.4 , 05.3 , 05.1 fSjll cj^ ^1 ousij \&. 

OWllI 05.3 

lin jSlluJI gLJ aoUj ^ 4^.iVi„mll d Ji* 05.4 

gdLJl USJilj J J^ii ol^JJUj ^jjaJI 06.0 

07.0 fSj ^1 J %4 

l^ja Uj ^Ij^, ^1 J Sj^l J <U£]| ljj^I 06.1 

jjVl 

Liillj 06.2 

ji AijiLlI (jla yill CjU-> u l^j-a 1_oj jl_kayi ujjjl-a 06.3 

Ojj ) l^U* j 2buajll jko.Vl ej__jUJI 06.4 

( ^jj^l JjVl & jjVl 

aXLlA iliUViJj ajjxoS.1I AjjjUlj jUJl *_>M 06.4.1 
ajj*^! *j jjUI j > i i ? «H J „n £ jj_kJI 6 06.4.2 

gtijij JjVl qlUjj ) Uill j joaJI l^jj (jjll Cjbj U\\ 06.5 



( J 

( JaSa ^SjAB g- jiJI ) JjVl ^ 06.7 

jjli^l 07.0 

IfcJc <_i jjU^II L^lsuM j jjiil 07. 1 

oiuuij^ui 07.1.1 

jlsJI jji jll dyj^i I jc Ua (jjSjll dij 07. 1 .2 

jjJaiJlj kuuJ Ji, ) 4ijj_jt* ^1 j— jU-q CjU j i.„..U 07.1.3 

( jjaJI _>u£j jjia^ll jjaJl g-ljjl ) Jw jjli^ CjLaow 07. 1 .4 

Oajall jjaJl ji jUolU J^l jjill JL. n/n* 07.1.5 

SjoaLJI jjli-Jl CiLsui* 07.2 

Sjia-Jl **£lill JL, ) jM & Jk* jA^ dUS & 07.2.1 

( JSLLal! & ji^I jjsw ) sjsLol* ^jii JjLm CjUjI* 07.2.2 

sfl«Sll J* SjjiAall JjLlJ CiUlu ^ vi \ i um i 07.2.3 

OboiAj ^Ijil! U. ^j-jJII LjUl^j f>J Jl| ()8.() 

t>lj J & ^ jUJI fja JB 08.1 

& iifci* jj^ Jc clU^S o^ljil & <=0Lkll a^Ail 08.1.1 

UilSB 4^ iO*3L.j j ;,-„,^| 08>2 

*ija^«ll ji 

& (>ljJ & UJja. <LU^| ^ ^Ju^i rja jj| 08 2 .i 

sl>J ji <U£I1 ,-, Uy H j 

^ W ) J* ^U«ll jjcj ^Lu^l JL-^JUJ r>A u 08.2. 1 . 1 



oo<\ 



sl>J J 1U£1 

%LU* jjc. j 4&±a Sjjjua j *aJl*Jl pJ aJll 08.2.1.2 

lUSi\ 2UHs^ cjly u & t>l jA-B & Ljjj-* 

t>l jd & bjja jjo j j^IU 3ti irtoli fj-aJB 08.2.1.3 

(j=k.ljJlll & Ijjlja, ,\a\h.a\\j j mVlllj 3**1 m<i\l V.HI 08.2.2 

Si ja^l jl U«l£ll ^Utta** jj^a j 

jjj-o Ci-sVtrfi j ^^.1 j^Sl & i^j<i^"i11j 4jU uoaII aill 08.2.3 

3iEa*. CjUiio j t>l jj & ZaAxA ?jpl\ 08.3 

»V»Uj (>ljJ & LJj* jjji j M*-N fj-*M 08.3.1 

& bj! <UU^I jjc j ( 2LtU.II L^ja Uj ) JLJLuJI pj^l 08,3.1.1 

^iia-JI ( UUJ lya Lu ) 2LJUJI ^j-aISI 08.3.1.2 

i>ljdl & bjj* jAfcj S j*iiiB ^ -u!l p^-aJUl 08.3.1.3 

Jfi (ItUkHlaj i>lj^l & LjJj^ ^l*** J ^ U pJ _aJB 08.3.2 

l>ljj & S^o Sjjjusi ^ .nill j j» j-aJll 08.3.3 

U jjcj <_iSlS^ll 3ilc.l 08.4 

t^Lj^lj CAjjxJi Lfcfi Uj (^UuiVl ^b^ltj AauAM 09.0 

djLj^ailj dibjijll Ujja Uj U^Uft*, ^jUJI tiiU^Vl 09.1 

^jUall 09.1.1 

V jUJl CjLj^iSII j cjbjijll 09. 1 . 1 



Ifcja Lo cSlU-Vl cjUi-j-j aju -juiJ 09.2 

U l^UiUj .iSL^Vl j-i & v^U-Jifl 09.2. 1 

Uj! Ui a^jj^JI L3U2i«j Vjj-i*!! ^ ^ La ~ w,t5 ' 1 09 - 2 - 3 

l^a Lo .iLu&l SjjiJI J *± jj JaJ idU-j-Vl 09.2.4 

l^l^j JLijjkJI uSlUijaVl 09.2.4.1 

A±j>kA\ chjLj j cjLjj^SlI 09.2.4.2 

ChjJtiSi j Chjlji Ujs L»j 4jUSL>j u jJull liUJI 09.2.4.3 

Sjj^ ^J* jxJaa^llj j*iU &<Ja*J & O^Jull 09.2.5 

Lu Ifri laaU j ( 3jLa-aJ Li-ai ) it jia-JI > i.n'i A* 09.3 

Cjbjiallj cjLji jll LjJ U tiiUaVl u j ^U—u.Sn 09.3.1 

CjL^jII tiJB JSIj Ply 'uj ^Lo-uu.S/l 09.3.2 

jUaJl cA^j ( £ jlLJl ) jLM & ^Ul cOja_j 09.3.3 
OLiLjjijll Ujs Uj UjU-i uj ,n4 i i uoi A- -Vi 09.3.4 

iliUlull I Ac L. ( <ilU__JjM UJ— 9^ Jj— « ) Clljj Jaillj 

09.3.1 , 09.3.3 fSj ^31 J 

UjUuIoj S ja Vul l jl ojjj-a j^jc ilajia-all till a uiSfl 09.4 



(jimil OjUliaj o^Jfll 10.0 

^ jUJl (jiuJI 1 0.1 

t^ull LliUaLa 10.2 

AJjU ,jiuJl CjU*L» 10.2.2 

'&.3«,rKyil (jiufll Cjl/VUfl 10.2.3 

AjJaaIIj «UlUII (j^ault Obkii* Uj9 Uj Jaj_i3Mkll L yai — jJI 10.3 

•jjiuASlI JL, djLj^kJl U«lJ ^1 t^ajJI OjUjIo 10.4 

J«*J| Uj iUxAil 11.0 

& ( jjjS*»>) ( jSU-aVl) (J^W^' uiuaj jSjuollj cK^I — ^1 1 l«l 

& jAjSj (JjlM^ J^jM A-m& i>iS>^l 

^Lc. 3JLlaS> ^AsawMjl jSjjJI j jSuuill (jaj.1 & ,><Jl <Jw 

j*S j (^iill jlull Ju jjill j (IjLjUI i> ji-i ^Ijii 1 1.2 

( JjUS ^ ) Ljiuii 

J-JI 11.3 

AaiUil S j^LJl CI j CjU=^11 Uj9 Uj Obl^l U.4 

CiUalJI & o Ual mJ I & pL^uoJI & JJ jLJ & 12.012.0 

jtUI 12.1 

( ^LJI JJI-iJ Uj9 Uj ) j & iJjIjj — SI & ujU^S/I 12.2 

S j. J ^jjjLJI ^AiWJI cjXu^ll Ju cliIjUj-JIj 

J*y\ Jail^i cJ^i t> 

Jill 12.3 

•ijkaJ 12.4 

JjJIj pLu^SI 12.5 

& CjU»U> j 5Ja ji»-JI & Uj (JjaIIj *L-«oJl 12.5. 1 



tjy&j *L*J ciiOaii 12.5.2 

U^UjLVj UuaLoll 12.6 

(Jjljill (JJ^>J (Jjl_jillj lJ^J.'V <juaiufl JIu AjlaiuuJl *U-oiua]l 12.4.1 

foJll cjj-j ^oL^JI Joik 12.6.3 

Juffi» A^lnll 12.6.4 

( <L!>U1 oilkj & *itf_JI uj>_^ JL^ ) U-X^ai 12.7 

.%]| jja-j jlSlfLlI ^ImI ^uaaS l^o bus iljUiuj^iuJlj 

<jLiuJ oUjIJI j jSUiJl 12.8 

^LjiijjjJl 12.y 

tyiA ^ajj] J ^Uiii*AJlj ^LjjftVl 13.0 

( JiWtfl djLkli ) JULS/I 1 3. 1 

J JULVlj ^jll JikbU plkill Ajici 13.2 

Uj llJall (_>al j&Vl (>a*J ^ lu^ljl j <^ucS\ A. „ At.LiS/l 13.3 

j jjjll JJSSl Aoil^l djlikJl 13.4 

( Ajjiiall yil >bU 2L>Vl Ju ) <_^aSf» 13.5 

13.4 , 13.1 J "UiiA IjjfcVl loe, Uja 

*USJ JLiiVl 13.6 

ObJVl OU>&« |J6 Lufl ObjjAOl 14.0 

jsc. aLjjJull 14.1 

*UJI 14.1.1 

AjauiUl jjLoJI Cjli oUall j AjwjjKB Jui^l bU*JI 14.1.1.1 

pU j ( (_>>i!l 6U4 ) SJ5U1I »Ll. 14. 1 . 1 .2 

0j| j| jJaiJI j ^SUll jSL-aC 14. 1 .2 

( ^W>W,j ^ L« jl ) >u*!l ^SUll jax^o 14. 1.2. 1 



( CjIaLvj ,ji [put J l ■ llir.n ) JLuii«31 jjuaaJl JAuaC 14.1.2.2 

( 4jLo J ) i^lill jj^o iTjIJS 14.1.2.3 

( ^iLa ji USU ) jAx-ac ci j£j* 14.1.2.4 

ji 4*1 jill (uJ ji) 14.1.3 

( CiL^Uj ^ ji cjU ) JiuoJ %£Lill jlnli 14.1.3.1 

( Olalaj ^ Luu> jl L-lLua ) jiuO«]l jIjSj 14.1.3.2 

( 41U ji JSU ) JS jj 4*£U]I jinSj 14.1.3.3 

( l-iLo J JJU ) jS jj ^inJ jl^j 14.1.3.4 

djLjjjiJI l^ja Lu pUll I^juiLmI jjjll j 14.1.4 

O^jSlI t^lj cjbjjiJI 14.1.4.1 

l^ia Uj uj^j^I <j^> c^ 0 - Sl^s^I jjc. cjbjjji^ll 14.1.4.2 

( J <1SU ) SjS jA 14.1.4.3 

AjjUI u-iLicVl diinU*mi«j t^LSlI j S j a 'ill JjI^_jj S 14.1.5 

Jj^Jl <Aj^c. CjI^jUUI l^jj L_ «j 4j-Jj^1I d^j>J»*ll 14.2 

( CuiJ JJJuSill ) Cil jJj SjJjJl djbjjio 14.2.1 

glitt Jji 14.2.2 

jj^ill 14.2.3 

£*J ^SiB 14.2.3.1 

^31 jll J Jjill j«Jl Ajiij^ljB jl Jjill j-oJ 14.2.3.2 

JwiJl tjl_p£ll j^JIj ^c-ull 14.2.3.3 

iiS^I 21*51 jll ji J43JI 14.2.3.4 

i^Ull 14.2.4 

J^SII 14.2.5 

*jajjl cLjUj^uJI 14.2.6 

Jj^ % 1 o t> JiSi Je. Jb^l! Aj^jjII objjAJ 14.2.6.1 

Jj*£ % o* cJtf c> ^JJ 11 ^Wjj^I 14.2.6.2 

oil 



sijiisi) z&la h&ty ji jjimi tijjflUi L-jjpVi is.o 

( OU1 jaJl j & ObjJ & jjiaJl i> M^ll j ) ^ 

^ ^^luuJI ji JiJl jajk l^s Uj Xrn^W Jai-JI 15.2 

(<ia^l a£I jail l^Uj) 

^UmVI J SVnu.oll UiiiJl j]l 15.3 

fjaJII & ^1 jiUafl Ji, ) h&j* jj-aI V- 3 '^ j I>-» 16 -° 

(15-01) fSj 6- f»^l 6* ^ 1 
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APPENDICES 
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List of Abbreviations 



% Percent 

A Absorbance 

A acetylenic group 

AACC American Association of Cereal Chemists 

AAS Atomic absorption spectroscopy 

AAS Amino acids score 

ABTS -azino-d-(3-ethyl-benzlhiazoline sulfonate) 

AC alternating current 

ACM alkaline contaminant materials 

ADC analog-to-digital converter 

ADP adenosine- -diphosphate 

ADP Adinosine diphosphate 

AES atomic emission spectroscopy 

AI artificial intelligence 

AMS Agricultural Marketing Service 

AOAC Association of Official Analytical Chemists 

AOCS 

AOM active oxygen method 

APCI atmospheric pressure chemical ionization 

APHA American Public Health Association 

ART-FITR attenuated total reflection-Fourier transform infrared 

ASCII American Standard for Information Interchange 

ASE accelerated solvent extraction 

ASTM American Soceity for Testing Materials 

ATIC American Type Culture Collection 

ATP adenosine- -triphosphate 

ATP Adinosine Tri phosphate 



ATR 


attenuated total reflectance 


BCA 


bicinchoninic acid 


BCD 


binary coded decimal 


BCR 


Community Bureau of Reference 


Be 


Baumc modulus 


BGG 


bovine gamma globulin 


BHA 


butylated hydroxyanisolc 


BHT 


butylatcd hydroxylolucne 


BOD 


biochemical oxygen demand 


Br 


Branched 


BSA 


bovine scrum albumin 


BSDA 


Bacillus streotluirmophilis disk assay 


BV 


biological value 


C 


Concentration 


C 


Cis 


CAST 


calf antibiotic and sulfa test 


CDC 


Centers for Disease Control 


CER 


Code of Fcdcralo Regulations 


Cf 


commercial faclorq 


CGMP 


Current Good Manufacturing Practices 


CI 


chemical ionization 


CI 


confidence interval 


CID 


charge injection device 


CID 


Commercial Item Description 


CIE 




CLND 


chcmiluminscenl nitrogen detector 


CMC 


critical micelle concentration 


CNBr 


cyanogen bromide 


C° 


Centigrade 


CO 


Omga 



°AA 



COD 


chemical oxygen demand 


C-PER 

JL J— fJ.\ 


pfllnilfited ni"f)tRiri efficiency ratio 


CPMG 


GurPurccll Meiboom Gill 


CPU 


central nvnce^Qinf unit 


coc 


9 fi-diphlniTMiiiinnnpchlftrniTnide 

£i : \J~\J.l\~tl 11 Ul VJVjUJl lUlll'wlllUl \J1J111UU 


cv 

V-< v 


^rt'FFipipnt varifirinti 

V^UlLJl'lwlll. Ul YCU IclLJUU 


CVM 

V* y XVI 


/^V-ntvar fnr "Vpfprintirv l\Zfp>Hif*in<* 


rw 

V— TV 


rrmtinnniiQ wnvp 

IsUUUHUUUo WaYv 


DAL 


defect action level 


DC 


dirp.pt riitTpnt 


DC 


dielectric constant 


DC 


TiiswiHflrinn enn^tant 


DP-PFR 


di^rrlmitiant nnlrMilatpd Tvrnf'pin pf'Fir'jpnpv rnHn 


DE 


decree of esterification 


DEC 


Di&ital Eciuitunenl Cornoration 


DF 


"Diptnrv fibre 


DHHS 

J-' JL JULIO 


"Tjenflrtmpnt nFTTpjilfh and T-Tiimnn ^Iprvippc 

i-/wlJal Lllil/li L KJl Xlutlllll CHILL JLJLLLlli.CUl iJvl YlwO 


DMD 


D-malate dehydrogenase 


DMSO 


dirnefhvl snlfnxide 


DMTA 


dynamic mechanical thermal analysis 


DNFB 


1-fliinrn-9 4.-dinitrnhpfi7p-np 


DNP 


JU1I11 LI UpilCIljl 


DRV 


T*isnIv Rpfprpnpp \7si1iip 

XJAlij IxCxCICllLfC V cUUC 


DSC 


dif Ferential scanning cnlnrirnetrv 


DSHEA 


Dietarv SuriDlernent Health and Rducation Act 


TYP A 
DI A 


differential thermal analysis 


DTNB 


-thiobis-2-nitrobenzoic acid 


Dwb 


dry weight basis 


E 


ethylenic group 


EAAI 


Essential amino acids index 



EC 


electrical conductivity 


ECD 


electron capture detector 


EDS 


energy dispersive spectroscopy 


EDTA 


ethylcnediaminetelraacetie acid 


EEC 


European Economic Community 


EFA 


Essential fatty acids 


EI 


electron impact 


EIA 


enzyme immunoassay 


ELCD 


electrolytic conductivity detector 


ELISA 


enzyme linked immunosorbent assay 


EMF 


electromotive force 


EMS 


environmental management system 


EPA 


Environmental Protection Agency 


EPR 


electron paramagnetic resonance 


Eq 


Equivalent 


ERH 


equilibrium relative humidity 


ES 


emulsion stability 


ESA 


electrokinetic sonic amplitude 


ESI 


electrospray interface 


ESR 


electron spin resonance 


FFA 


Free fatty acids 


FOS 


food oil sensor 


FR 


free radical 


FS 


foaming stability 


GLC 


Gas liquid chromatography 


HCCP 


hazard analysis critical control point 


HPLC 


High per formance liquid chromatography 


JDEC 


ion exchange chromatography 


IEP 


Isoelectric point 


IR 


Infra-red 



ISO 


international standards organization 


IV 


iodine value 


M 


Molarity 


MC 


moisture content 


N 


Normality 


NAS 


National Academy Science 


NB 


Nitrogen balance 


NIST 


National Institute of Standards and Technology 


NLEA 


Nutrition Labeling and Education Act 


NMPS 


National Marine Fisheries Service 


NMR 


nuclear magnetic resonance 


NMR 


nucleic magnetic resonance 


NOAA 


National Oceanic and Almosnheric Administration 


NPD 


nitrosen Dhosrjhorus dplec Inr or rhpi'minnie rlotcctm' 


NPR 


net protein ratio 


NPR 


Net Di'otein ratio 


NPU 


netorotein nti 1 i yntion 


NRC 


National Research Onnnril 


NSSP 


National Shellfish Sanitation Program 


O/w 


oil-in-water 


O/w/o 


oil-in-water-in-oil 


OCI 


Oreanoch 1 ori n p s 


ODS 


Octadecvlsilvl 


OP 


Organophosphate 


OPA 


O-phthalaldehvde 


ORD 


Optical ratarv disnerssion 


OSI 


oil stability index 


PAGE 


polyacrylanide gel electrophoresis 


PAMI 


Pesticide Analytical Manual, Volume I 


PAMH 


Pesticide Analytical Manual, Volume II 



PC 


nancr fihrnmsilnprnnhv 

1 JUL/ VI will Ul llULVJcll CI I J 1 1 y 


PCBs 


no 1 vch 1 ori n iitiv \ hi nh f*n vl *$ 

Uvi Jwll 1VJJ. 1 1 IULuU Ul 1J1 lull YiO 


PCR 




PCS 


fjiniri <!f*iin rniYpljilinn 


PD 




PDCAAS 


rvrnf^iti Hio , pctiKilil , \/-Prti*f"r*Plf>H Jiminn cpo.it* 


PER 


nvntfMn pffipi(*ii/*\/ wil'in 

JJiUlVUl vlllvlv'Illsjr 1UUU 




puiscu nciu gi tiuieni spin ecno 


pr 


icpipIppItip ■nojinf 
loUClwwUiv pUIIll 


PID 


nhntnirvni 7fl Hnn Hpl'pptnr 


PT <? 


njirtinl lpflQt emiiirpc 
uui uui ivuaL aULiaiwo 


PMO 


P'»clpni*ivpH M^lLr Oivlinnnnp 


PMT 

JL 1YAX 


nhfitniTHilfinltPV tiihp 


Pnh 




Pnm 

X 17111 


nfiti Tipr million 

IJtll L IJwl llllillL/lL 


PRAR 


Rchuttahlp PrG^iimntifin A pa i net PftO'islTrttinn 

1VUUU LLClL/lw X J WQU 1 1 llJll V/l 1 <XKClUlijL XVwglOki. UL1 Ull 


PlpGln 


PfprPivl crlnl si in si fp 

X LwlUjJ&JLILtUUUlAy 


PUFA 


nnl vunsfihiivitfiH fatlv nciils 

UU 1 Jr Lil lOULLli ULuU 1CILLY UwlUO 


PV 

X V 


nprnviHf 51 vjiIiip 


PVPP 


jroiyvinyipuiypyiTOuuuTic 


DA 


vjlialliy aaoUIaJKsC 




cjuuiuy control 




cjUcUiiy system 


p 




P AP 


raw agiicuiiunii cornniouity 


JtvUA 


rccornrncnoeG ciany allowance 


RDI 


Reference Daily Intake 


RF 


Radiofrequcncy 


Rf 


Rate of flow 


RGB 


red green blue 



TIT 

RI 


refractive index 


TIT 

RI 


Refractive index 


RIA 


Radioimmunoassay 


Rm 


Rate of migration 


Tin 

RP 


Reducing power 


Rpm 


revolutions per minute 


RRT 


relative retention time 


Rt 


Retension time 


S 


Saturation 


bIL 


solid/liquid 




Saudi Arabian Standards Organization 


bl) 


standard deviation 


bub 


sodium dodecyl sulfate 


ens VAfiv 


sodium dodecal 


bb. 


standard error of the mean 


bbL 


size-exclusion chromatography 




supercritical fluid extraction-gas chromatography 


OEM 


scanning electron microscopy 


SFC 


solid fat content 




supercritical-fluid chromatography 


SFE 


supercritical fluid extraction 


or! 


solid fat index 




solubility index 


olM 


selected ion monitoring 


SNF 


solids-not-fat 


SNIF-NMR 


site-specific natural isotope fractionation-NMR 


SO 


sulfite oxidase 


SPE 


solid-phase extraction 


SPME 


solid-phase microextraction 


SQC 


statistical quality control 



•vr 



SRMs 


single residue methods 


STOP 


swab tesL on premises 


T 


Trans 


TBA 


thiobarbituric acid 


TBA 


thiobarbuiric acid 


TBARS 


TBA reactive substances 


TC 


Thermal conductivity 


TCD 


thermal conductivity detector 


TE 


tocopherol equivalents 


TEMED 


Tclramcthylcthylcnediamine 


TGA 


thermopnivimetnc analvsis 

LI 1 CI r ivy III till yoio 


TIC 


total ion current 


TLC 


thin-layer chromatography 


TLC 


thin layer chromatography 


TMA 


thennomcchanical analysis 


TMCS 


Trimelhylchlorosilanc 


TMS 


Trimethylsilyl 


TNBS 


trinilrobenzenesulphoric acid 


TOC 


total organic carbon 


TOF 


time-of-flight 


TPA 


lexlure nrofile analvsis 


TS 


tolnl solids 


TS-MS 


theiTnosorav-mass snectrometrv 


TSP 

J- vJ J. 


Thennosnrav 


TSS 


tot ill sohihlc solids 

LULCL1 dUlUUlu QUltUS 


TSUSA 


Tariff Schedules of the United States of America 


TTA 


total titratable acidity 


US 


Unsaturation 


uses 


United States Customs Service 


USDA 


United States Department of Agriculture 







USRDA 


United States Recommended Dietary Allowance 


UV 


Ultraviolet 


UV-Vis 


ultraviolet-visible 


Vis 


Visible 


VPP 


vegetable protein product 


W/o/w 


water-in-oil-in-water 


Wa 


water activity 


Wwb 


wet weight basis 



Standard Single Letter Notations And Abbreviations For 
The Well Known Amino Acids 

Amino Acids and Their Previous / New Abbreviations 



Alanine 


Ala 


A 


Asparagine 


Asn 


N 


Cysteine 


Cys 


C 


Proline 


Pro 


P 


Aspartic acid 


Asp 


D 


Glutamine 


Gin 


Q 


Glutamic acid 


Glu 


E 


Arginine 


Arg 


R 


Phenylalanine 


Phe 


F 


Serine 


Ser 


S 


Glycine 


Gly 


G 


Threonine 


Thr 


T 


Histidine 


His 


H 


Valine 


Val 


V 


Isoleucine 


He 


I 


Tryptophan 


Trp 


W 


Lysine 


Lys 


K 


Tyrosine 


Tyr 


Y 


Leucine 


Leu 


L 


Glutamate or 




Methionine 


Met 


M 


Glutamine 


Glx 


Z 



0^0 



The International System of Units (SI) 



Quantity 


Unit 




Symbol 


Length 


Metre 


M 




Mass 


Kilogramme 


Kg 




Time 


Second 


S 




electric current 


Ampere 


A 




Temperature 


Kelvin 


K 




luminous intensity 


Candela 


Cd 




Prefixes for SI Units 


Fraction 


Prefix 




Symbol 


io- 1 


Deci 




D 


IO" 2 


Centi 




C 


10' 3 


Milli 




M 


IO" 6 


Micro 




U 


IO" 9 


Nano 




N 


IO" 12 


Pico 




P 


IO' 15 


Femto 




F 


IO" 17 


Atto 




A 



Fraction Prefix Symbol 



10 


Deka 


Da 


10 2 


Hecto 


H 


10 3 


Kilo 


K 


10 6 


Mega 


M 


10 9 


Giga 


G 


10 12 


Tcra 


T 


10 15 


Peta 


P 


10 18 


Exa 


E 



Recommended Values of Physical Constants 

Physical constant Symbol Value 



acceleration due to gravity 


8 


9.81 ms" 2 


Avogadro constant 




6.022 05 x lO^mol"' 


Boltzmann constant 


k 


1.380 66 x 10" M J K" 1 


charge to mass ratio 


elm 


1.758 796 x 10" C kg 1 


electronic charge 


e 


1.602 19xl(r |g C 


Faraday constant 


F 


9.648 46 x 10 4 Cmor' 


gas constant 


R 


8.314JK-'mor' 


- 


T,„ 


273.150 K exactly 


molar volume of ideal gas (stp) 


Vm 


2.241 38 x 10" 2 m 3 mol -1 


permittivity of a vacuum 


So 


8.854 188 x W 12 kg" 1 






nV 3 s 4 A 2 (F m -1 ) 


Planck constant 


h 


6.626 2 x 10** J s 


standard atmosphere pressure 


P 


101 325 N m' 2 exactly 


atomic mass unit 


lUu 


1.660 566 xlO" 27 kg 


speed of light in a vacuum 


c 


2.997 925 x 10" m s' 1 


APPROXIMATE STRENGTHS OF CONCENTRATED A CIDS AND A MMON1A 


Concentration 


Weight per Normality 






ml at 20oC (approx) 




%m/m 


S N 


Ammonia (0.88) 


35 


0.88 21 


Hydrochloric acid (cone) 


36 


1.18 10 


Nitric acid (cone) 


70 


1.41 U 


Sulphuric acid (cone) 


98 


1.84 20 


Energy calculation 


Caloric conversion factors (KcalM 


Labelling of 


McCance 




Food 


and 


Rubner Atwater 


Regulations 


Widdowson 


Carbohydrate 3.75 


3.75 


4.1 4.0 


Glycitol 3.75 






Protein 4.00 


4.1 


4.1 4.0 


Alcohol 7.0 






Fat 9.0 


9.3 


9.3 9.0 



MY 



Alternative Merthods of Expressing Various Physical Quantities 

1. Mass (SI unit: kg) 

g = icr kg 

mg =10- 3 g=l(r 6 kg 

Ug =l()- f, g=10" 9 kg 

2. Length (SI unit: m) 

cm = 10" 2 m 

A = lO" 10 m 

nm = 10' 9 m=10A 

pm = 10" 12 m = 10" 2 A 

3. Volume (SI unit: m 3 ) 

1 = dm 3 - 10" 3 m 3 
ml = cm 3 = 10-° m 3 
jaI = 10" 3 cm 3 

4. Concentration (SI units: mol m" 3 ) 

M = mol 1" 1 s mol dm' 3 = 1 0 3 mol m" 3 

mg l" 1 = jag cm" 3 = ppm = 10" 3 g dm" 3 

M-gg" 1 = ppm = 10"° g g" 1 
ngcm" 3 = 10" 6 gdm" 3 
ng dm" 3 = pg cm" 3 

Pgg' 1 = ppb = 10" 12 g g* 1 

mg% =10" 2 gdm" 3 

p.g% = 10" 5 gdm" 3 

5. Pressure (SI unit: N m* 2 = kg m* 1 s" 2 ) 

Pa = Nm' 2 

atmos = 101 325 Nm" 2 

bar = 10 5 Nm' 2 

ton- = mmHg = 1 33 .322 N m" 2 

6. Energy (SI unit: J = kg m 2 s" 2 ) 

cal =4.184 J 

erg =10" 7 J 

eV = 1.602xlO" l9 J 



METRIC EQUIVALENTS 



1 centimeter = 0.3937 in. 
1 decimeter = 3.937 in. = 0.328 feet 
1 meter = 39.37 in. = 1.0936 yards 
1 dekameter = 1,9884 rods 
1 kilometer = 0.621 37 mile 



Linear Measure 

1 in. = 2.54 centimeters 
1 fet. = 3.048 decimeters 
1 yard = 0.9144 meter 
i rod = 0.5029 dekameter 
i mile = 1.6093 kilometers 



Square Measure 

1 sq. centimeter = 0. 1550 sq. in. 1 sq. inch = 6.452 sq. centimeters 



1 sq. decimeter = 0. 1076 sq. ft. 
1 sq. meter = 1.196 sq. yd. 
1 acr = 3.954 sq. rods 
1 hektar = 2.47 acres 
1 sq. kilometer = 0.386 sq. m. 



1 sq. foot = 9.2903 sq. decimeters 
1 sq. yd. = 0.8361 sq. meter 
1 sq. rod = 0.2529 acre 
1 acre = 0.4047 hektar 
1 sq. m. = 259 .sq. kilometers 



Measure of Volume 



1 cu. centimeter = 0.061 cu. in. 
1 cu. decimeter = 0.353 cu. ft. 
leu. meter =1.308 cu. Yd. 
1 stere = 0.2759 cord 
1 liter = 0.908 dry 
1 liter =1.0567 q. liq. 
1 dekaliter =2.6417 gal. 
1 dekaliter = 0.135 peck. 
1 hektoliter = 2.8375 bu. 

1 gram = 0.03547 ounce 
1 kilogram =2.2046 lbs. 
1 metric ton = 1.1023 English ton 



1 cu. in. = 16.39 cu. Centimeters 
1 cu. ft. = 28.317 cu. Decimeters 
1 cu. yd. = 0.7646 cu. Meter 
1 cord = 3.642 stores 
lqt. dry = 1.101 liters 
lql. liquid = 0.9463 liter 
1 gal. = 0.3785 dekaliter 
1 peck = 0.881 dekaliter 
1 bu. = 0.3524 hektoliter 
Weights 

1 ounce = 28.35 grams 
1 lb. = 0.4536 kilogram 



1 English ton = 0.9072 metric ton 
1 kilogram = 1.000 grams 
Approximate Metric Equivalents 

1 decimeter = 4 inches 1 metric ton = 2.200 lbs 

1 meter = 1,1 yards 1 liter = 1 .06 qt. Liquid 

1 kilometer = 5/8 mile 1 liter = 0.9 ql. Dry 

1 hektar = 2 1/2 acres 1 hektoliter = 2 5/8 bushel 

1 kilogram =2 1/5 lbs. 



CONVERSION OF COMMON UNITS TO EQUIVALENTS 



T ATI ft I'll 

-Lf dig 111 




1 ft 

X 11 


= 0 1048 m 


1 in 

X 111 


= 4 mm = 7 rm 

~~ m.'i"T 111111 ~~ ' Auit Will 


Area 




1 Fl"f QnnniY 1 fnnO 


=j 0 002 001 0 ni J - 000 010 cm 2 


1 in^ ^Qfin/ipo inHi^ 
i in ^oLjutUu m\*iij 


— ft4.5 1 ft mm" = ft 45 1 ft r*m" 






X LI ^CUC/IC HKHJ 


— 0 (PR lift m 3 — "78 1 1ft 8 dm 3 




- 1 ft 1R7 1 f»m 3 




— 4 SAft HO rim -1 — /I Idfi litrne 


1 crnl 


1 TTSffill 


— 1 78*5 410 /lm 3 — "\ 78S litrn 


1 frill 

i gin 


- 0 14? Oft"? »lm 3 — M ld.9 Htm 


1 ft n? 

X 11 


-7X411 cm 3 

■ — £Oi*rJ J CI 1 1 


1 fliiirl *1t*!if»lini 
X 11U1U U1UWLII1L 


- 155 1 ftl mm 3 — 1 1 ft3 i«m' 


1 minim 

X JIUI1IH1 


- SO 101 0 mm 3 






I ton 


= 1016 05 k«i = 1 016 05 t 


| r»\x/t 


- <;o 8(P 1 Wit 


1 stone 


= 6.350 20 kg 


1 lb 


= 0.453 592 37 kg 


1 oz 


= 28.340 5 g 


1 dr (dram) 


= 1.771 85 g 


1 gr (grain) 


= 64.798 9 mg 


1 oz apoth = 1 oz tr 


= 31. 103 5 g 


1 drachm 


= 3.887 93 g 



Temperature 

°C: 0 = 5/9(1-32) 

K: T= 5/9(1 + 459.67) 

°R: r= t + 459.67 

t = Temperature on Fahrenheit scale 

r = Temperature on rankine scale (°R) i.e. absolute Fahrenheit 

T = Temperature on kclvin scale 

0 = Temperature on Celsius scale (°C) 

The zero on the Celsius scale is the ice-point (273.15 K) 
Energy 

1 cal, s (15" calorie) = 4. 1 85 5 J 
J = 1 joule (unit of energy) 



PREPARATION OF SOLUTIONS FOR VOLUMETRIC 
ANALYSIS 

Ammonium thiocyanate NH4SCH, 76. 12 

0.1 N = 0.1 M = 7.612 g per litre 
Hydrochloric acid HC1, 36.46 g 

0.1 N = 0.1 M = 3.646 g per litre 
Iodine 1, 126904 

0.1 N = 0.1 M = 12.69 g I + 18 g KI per litre 
Potassium dichromate K 2 Cr20 7 , 294 24 

0.1 N = M/60 = 4.903 g per litre 
Potassium iodate KI0 3 , 214 02 

Nomality depends on the reaction employed, but commonly 0.1 N = 

M/60. If acidity of reaction exceeds 4 N, then 0.1 N iodale = M/40. 
Potassium permanganate KMnO* 158.0 

0. 1 N = 0.02 M = 3. 161 g per litre 
Potassium thiocyanate KSCN, 97.185 

0.1 N = 0.1 M = 9.7185 g per litre 
Silver nitrate AgN0 3) 169.9 

0.1 N = 0.1M= 16.99 g per litre 
Sodium edetate Ci 0 H 14 N 2 Na 2 O8, 2H 2 0, 372.25 

0.05 M= 18.61 g per litre 
Sodium hydroxide NaOH, 40.00 

0.1 N = 0.1 M = 4.000 g per litre 
Sodium thiosulphate Na 2 S 2 03, 5H 2 0, 248.2 

0.1 N = 0.1 M = 24.82 g per litre 
Sulphuric acid H 2 S0 4) 98.08 

0. 1 N = 0.05 M = 4.904 g per litre 
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ILFORD SPECTRUM FILTERS 







Peak 


Transmission 


No. 


Colour of Filter 


Wavelength 
(nm) 


Region 
(nm) 


600 


Spectrum Deep Violet 


405 


380-450 


601 


Spectrum Violet 


425 


380-470 


602 


Spectrum Blue 


470 


440-490 


603 


Spectrum Blue-Green 


490 


470-520 


604 


Spectrum Green 


520 


500-540 


605 


Spectrum Yellow-Green 


550 


530-570 


606 


Spectrum Yellow 


580 


560-610 


607 


Spectrum Orange 


600 


575 onwards 






with absorption 
incruusing Ironi 
600 


608 


Spectrum Red 


660 


620 
into intra-rud 


609 


Spectrum Deep Red 


690 


650 
into intra-rcd 


621 


Bright Spectrum Violet 


445 


340-515 


622 


Bright Spectrum Blue 


470 


375-530 


623 


Bright Spectrum Blue-Green 


490 


460-545 


624 


Bright Spectrum Green 


520 


490-575 


625 


Brighter Spectrum Yellow-Green 


540 


510-590 


626 


Bright Spectrum Yellow 


575 


545-620 



1 millimicron (m(i) = 1 nanometre (nm) = 10" 6 mm = 10 A. 
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Calculation table for 10 & 25 ml. of Fehling-solution (Lane and Eynon). 
(Weights in milligrams of invert sugar reducing sugar Per 100 ml. of solution 



Sugar 
sol. 


Dextrose 


Levulose 


Anhydrous 
Maltose 


Invert Sugar 
(Sucrose Og.) 


ml 


10 ml 


25 ml 


10 ml 


25 ml 


10 ml 


25 ml 


10 ml 


25 ml 


15 
16 
17 
18 
19 


327.5 
307.0 
289.0 
274.0 
260.0 


801.0 
751.0 
707.0 
558.0 
633.0 


348.0 
327.0 
308.0 
291.0 
276.0 


849,0 
796,0 
750.0 
708.0 
672.0 


515.0 
482.0 
453.0 
427.0 
405.0 


1319,0 
1233.0 
1159.0 
1093,0 
1034,0 


336.0 
316,0 
298.0 
282.0 
267,0 


824.0 
772,11 
727.0 
(■87.0 
651.0 


20 
21 
22 
23 
24 


247.4 
235.8 
225.5 
216.1 
207.4 


601.5 
572.9 
547.3 
523.6 
501.9 


262.5 
250.6 
239,6 
299.1 
220.0 


638,0 
608,1 
580.6 
555.5 
5323 


383.8 
365.1 
348.1 
332.5 
318.3 


980,7 
932.5 
888.7 
848.5 
811,8 


254.5 
242.9 
321.8 
222.2 
213.3 


619.0 
589.5 
563.2 
5.W.7 
516.7 


25 
26 
27 
28 
29 


199.3 
191.8 
184.9 
178.5 
172,5 


482.0 
463.7 
446.8 
431.1 
416.4 


211.3 
203.3 
196.0 
189.3 
183.1 


511.5 
491.9 
474.0 
457.2 
441.6 


305.4 
293.4 
282.2 
271.8 
262.2 


778.1 
747.0 
718.2 
691.5 
666.6 


204.8 
197,4 
190.4 
183.4 
177.6 


496.0 
477.3 
459.7 
443,0 
420.3 


30 
31 
32 
33 
34 


167.0 
161.8 
156.9 
152.4 
148.0 


402.7 
389.7 
377.6 
366.3 
355.6 


177.2 
171.7 
166,5 
161.6 
157.0 


427.0 
413.3 
400.5 
388.5 
3773 


253.3 
244.9 
237.2 
299.8 
222.9 


643.4 
621.6 
604.1 
582.4 
564.6 


171.7 
166.3 
161.2 
156.6 
152,2 


414.3 
401.0 
388.7 
377.0 
366.2 


35 
36 
37 

30 

38 
39 


143.9 
140.0 
136.4 
132.9 
129.6 


345,6 
366.3 
327.4 
318.8 
310.7 


152.6 
148.6 
144.7 
140.9 
137.3 


366.7 
356.6 
347.0 
388.1 
329.6 


216.2 
210,0 
204.3 
198.7 
193.6 


547.7 
531.7 
516.7 
502.5 
489.0 


147.9 
143,9 
140.2 
136.6 
133.3 


355.8 
346.1 
366,8 
328.1 
319.7 


40 
41 
42 
43 
44 


126.5 
123.6 
120.8 
118.1 
115.5 


303.1 
295.9 
289.0 
282.4 
276.1 


134.0 
130.9 
127.9 
125.1 
122.4 


321.5 
313.7 
306.2 
299.2 
292.5 


188.6 
184.3 
179.4 
175.1 
171.0 


476.2 
464.1 
452.5 
441.5 
430.9 


130.1 
127.1 
124.2 
121.4 
118.7 


311.9 
304.4 
297.3 
290.5 
2K4.1 


45 
46 
47 
48 
49 
50 


113.0 
110.6 
108.4 
106.2 
104.1 
102.2 


270.1 
264.3 
258.8 
253.5 
248.4 
246.6 


119.8 
1 17-3 
114.7 
1124 
110.2 
108.0 


286.2 
280.0 
274.2 
268.6 
263.2 
258.0 


167.1 
163.4 
159,9 
156.5 
153.1 
150,1 


420.9 
411.4 
402.4 
393,7 
385.2 
377,3 


116.1 
1 13.7 
111.4 
109.2 
107.1 
105,1 


277.9 
272.0 
266.3 
260.8 
255.5 
250.6 



Munson and Walker Table for calculating Dextrose. Invert sugar alone. Invert 
Sugar in presence of sucrose (0.4 g and 2g total sugar), Lactose, Lactose and 
Sucrose (2 mixtures), and Maltose (crystallised). 
(Applicable when Cli,0 is weighted directly) 
(Expressed in mg) 
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6 2 


10 


20 


83 


8.9 


6.1 




12.S 


12.1 




14,6 


2(1 


30 


12.6 


134 


10.7 


4.3 


18.8 


18.2 




22 0 


30 


40 


16.0 


17.8 


15.2 


8.8 


25.5 


24 7 




31.3 


40 


SO 


21.3 


22.3 


19.7 


13.4 


32.3 


31.3 




39.6 
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60 


2S.6 


26.8 


24.3 


18,(1 


39.2 


37.9 




48.0 


(ill 
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30.0 


31,3 


28.9 


22.6 


46.0 


44.6 


419 


56..I 


70 


80 


34.4 


35.9 


33,5 


27.3 


52.0 


51.1 


47.8 


64,6 


811 


90 


38.0 


40.4 


38.2 


31,9 


59.7 


57.0 


.11.7 


73,11 


on 


100 


43.3 


45.0 


42.8 


36.6 


66.6 


64.6 


.■iO.fe 


xi ;t 
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1 10 
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41.3 
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K9 7 


110 


120 
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54 3 
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NO 


61.3 


63.6 


61.6 
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94.1 


91.4 
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114 7 


140 


ISO 


55.9 


68.3 


66.4 


602 


101.0 
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121 II 


1.50 


160 


70.4 


73 0 


71.2 


65.0 


107.9 


104 8 


95.6 


131.4 


Kill 


170 


75.1 


77.7 


76.(1 


69.8 


114.8 


1 1 1,6 


I0l.fi 


139 7 


171) 


180 


70.7 


82.5 


80.8 


74.6 


121.6 


11X3 


107.7 


148.0 


1X0 


100 


84.3 


87.2 


85.6 


79.5 


128.5 


125. 1 


1 13.8 


156.4 


|9<) 


200 


89.0 


92.0 


90,5 


84,4 


135.4 


131.9 


119,8 


164,7 


200 


210 


93.7 


96 9 


95.4 


89.2 


142.3 


13X.6 


126.11 


173.(1 


210 


220 


98.4 


101.7 


100.3 


94.2 


149.3 


145.4 


1.12.1 


1X14 


220 


230 


103.2 


106 6 


105.2 


99.1 


156.2 


152.2 


138.2 


1X9.7 


230 


240 


108.0 


11 1.5 


110 1 


104.0 


163.1 


150.1) 


144.4 


198.0 


241) 


2S0 


112.8 


1 16.4 


115.1 


109.(1 


170.1 


165.8 


150.6 


206..1 


250 


260 


117.6 


121.4 


120 1 


114.0 


177.0 


172,6 


156.8 


214.7 


260 


270 


122.5 


126.4 


125.1 


1 19.0 
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170.4 


163.0 


23.1.(1 
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280 


127.3 


131.4 


130.2 


124.1 


190.9 
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169.3 
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135 3 
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197,8 


19.1,1 


175.5 


219.6 
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300 


137,2 


141.5 


140.4 


134.2 


204.8 


1909 


181.8 


247.9 
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310 


142.2 
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145.5 


139,4 


211.8 
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256.3 


310 


320 
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151.7 
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144.5 


218.7 


213.6 


194.4 


264 6 


320 


330 


IS2.2 


156.8 


155.8 


149,7 


225.7 


220 5 


200.8 


2720 


.130 


340 


1.17.3 


162 0 


161.0 


154.8 


232.7 


227.4 


207.1 


281.2 


.140 


3S0 


162.4 


167.2 


1663 


1601 


239.7 


234.3 


213.5 


2X9.5 


350 


360 


167.5 


172.7 


171.5 


165.3 


246.7 


241.2 


219.9 


297.X 


.160 


370 


172.9 


177.7 


176.8 


170.6 


253.7 


248.1 


226.3 


.106.1 
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380 


177.9 


183.0 


182.1 


175,9 


260.7 
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322.8 
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31 
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809 
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VI 
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M -0 
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